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LEAKAGE  FROM  LEAD  JOINTS  IN  CAST-IRON  WATER 

PIPES. 

BY    ARTHUR    H.    SMITH,    ENGINEER    ASSOCIATED     FACTORY    MUTUAL 

FIRE   INSURANCE    COMPANIES,    BOSTON,    MASS. 

[Read  September  T,  1915.] 

This  subject  deals  with  one  phase  of  a  ''  conservation  "  move- 
ment which  has  for  years  received  careful  consideration  by  many 
officials  and  engineers  who  are  responsible  for  the  security  and 
distribution  of  our  public  water  supplies.  During  the  last  few 
exceedingly  dry  years  prior  to  the  present  season,  when  the  margin 
between  available  supply  and  consumption  has  been  rapidly 
narrowing,  special  attention  has  been  given  to  the  elimination  of 
waste  as  a  means  of  increasing  this  margin.  Many  towns  and 
cities  have  found  that  by  systematically  reducing  the  amount  of 
water  running  to  waste,  their  present  supplies  could  be  made 
ample  for  their  needs.  By  various  systems  of  metering  mains, 
large  leaks  have  been  located  and  repaired,  the  installation  of 
meters  on  house  connections  has  largely  stopped  unnecessary 
losses  taking  place  at  plumbing  fixtures,  and  appreciable  savings 
have  been  made.  With  the  development  of  the  pitometer  into 
practicable  form,  additional  impetus  has  been  given  to  the  locat- 
ing of  leaks  in  mains,  and  extensive  surveys  have  been  made  in 
New  York,  Philadelphia,  Washington,  Chicago,  Milwaukee,  and 
other  cities,  the  results  of  which  are  matters  of  record. 

The  studies  made  have  shown  very  large  losses  from  three 
principal  causes: 
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(a)  Leaking  of  underground  mains.  ' 

(6)  Broken  or  abandoned  service  pipes. 

(c)  Defective  plumbing  fixtures. 

Of  these  causes,  the  third  is  being  corrected  quite  satisfactorily 
by  metering.  The  first  and  second  are  more  difficult  to  reach. 
In  old  systems  it  frequently  happens  that  large  leaks  occurring 
in  porous  soil,  under  stream^  or  near  sewers,  may  continue  for 
years  without  giving  any  surface  indications  and  thus  escape  the 
attention  of  the  unthinking  or  careless  official.  Usually  it  is 
feasible  at  some  labor  and  expense  to  locate  and  stop  these  larger 
wastes,  but  the  smaller  leaks  occurring  at  imperfectly  made  lead 
joints  or  at  rfiinute  cracks  in  the  pipe  represent  a  class  of  losses 
generally  felt  to  be  incurable.  It  is  more  especially  with  these 
types  of  leakage  and  some  observations  regarding  the  amount 
lost  in  this  way  that  this  paper  deals.  They  rarely  cause  much 
concern  to  the  water-works  man,  although  the  total  volume  lost 
in  a  year  is  often  very  large. 

In  an  effort  to  determine  the  volume  of  leakage  from  under- 
ground mains,  some  officials  have  simply  subtracted  the  quantities 
taken  out  from  those  fed  into  a  system,  but  this  has  generalh^ 
not  been  very  successful  because  of  the  large  number  of  assump- 
tions or  guesses  which  have  to  be  made.  Of  course  no  conclu- 
sions, even  approximately  correct,  are  possible  except  where 
practically  100  per  cent,  of  the  service  supplied  is  metered.  The 
best  performance  along  this  line  which  has  come  to  the  writer's 
attention  is  that  in  the  city  of  Cleveland,  Ohio,  where,  under  the 
administration  of  Dr.  E.  W.  Bemis,  in  1909,  all  but  7  per  cent,  of  the 
supply  delivered  into  the  mains  was  accounted  for,  a  loss  equal 
to  only  6.3  gal.  per  capita  per  day.  The  same  year  the  water 
registrar  of  Worcester,  Mass.,  reported  that  all  but  19  per  cent, 
or  11.5  gal.  per  capita  of  the  supplies  metered  into  the  mains  of 
that  city  was  accounted  for.  In  the  several  suburban  communi- 
ties of  the  Metropolitan  District  surrounding  the  city  of  Boston 
which  are  100  per  cent,  metered,  about  65  per  cent,  of  the  supplies 
entering  the  systems  is  metered  out  or  otherwise  accounted  for. 
In  1904  Mr.  Dexter  Brackett,  C.E.,  reported*  quite  in  detail  the 
various  forms  of  waste  which  were  taking  place  in  the  city  of 
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Boston  and  its  suburbs.  His  general  conclusion  was  that  from 
10  000  to  15  000  gal.  per  day  per  mile  of  pipe  were  being  lost  by 
leakage  from  the  underground  mains,  which  represents  a  total 
for  the  districts  served  of  15  to  22|  million  gallons  per  day,  or 
16|  to  25  gal.  per  capita  per  day.  An  interesting  suggestion 
contained  in  that  report  as  a  help  in  reducing  this  leakage  is  that 
meters  of  Venturi  or  Deacon  type  be  installed  at  favorable  points 
on  the  city  mains  so  that  frequent  determinations  of  losses  may  be 
made  in  prescribed  sections. 

The  general  experience  of  water-works  men  who  have  studied 
this  particular  phase  of  leakage  seems  to  be  that  from  30  to  40 
per  cent,  of  the  total  supply  which  enters  the  system  is  unac- 
counted for.  That  is,  only  60  to  70  per  cent,  is  delivered  for 
legitimate  purposes,  the  rest  ])eing  lost  as  leakage. 

In  an  attempt  to  determine  with  some  accuracy  what  is  a  proper 
allowance  for  this  incurable  waste,  Mr.  John  R.  Freeman  secured 
data  from  several  New  England  cities  for  his  report  on  the  "  Water 
Supply  for  the  City  of  New  York,"  dated  March,  1900,  to  show 
the  consumption  during  early  morning  hours,  which  was  assumed 
to  be  nmde  up  largely  of  leakage  from  mains.  On  a  "  gallons  per 
capita  per  day"  basis,  these  figures  were:  Fall  River,  10;  Woon- 
socket,  8;  Boston,  10;   Providence,  20;   Milton,  Mass.,  3. 

It  is  not  correct  to  assume  that  all  of  the  leakage  in  the  instances 
cited  takes  place  at  lead  joints  and  cracked  pipe,  for  there  is  an 
appreciable  contribution  from  defective  service  pipes,  hydrant 
valves,  blow-off  gates,  leaky  packing  at  gate  valve  stems,  etc. 
While,  therefore,  the  "  gallons  per  capita  per  day  "  basis  is  well 
adapted  to  represent  the  total  underground  leakage,  a  more 
appropriate  unit  in  which  to  express  the  leakage  at  joints  seems  to 
be  "gallons  per  day  per  linear  foot  of  lead  joint,"  and  in  the  cases 
quoted  below,  this  standard  has  been  used. 

In  the  writer's  experience  with  the  Factory  Mutual  Fire  Insur- 
ance Companies,  questions  have  frequently  arisen  between  the 
managers  of  corporations  insured  by  them  and  public  water- 
works officials  as  to  what  becomes  of  the  water  passing  from  public 
mains  into  private  fire  protection  yard  systems.  In  such  cases 
the  water-works  official  is  usually  well  satisfied  to  install  a  meter 
on  the  main  feeder  and  charge  the  consumer  with  the  registered 
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quantity  of  water,  allowing  him  to  use  it  for  whatever  purpose  he 
desires,  while  the  attitude  of  the  insurance  companies  has  been 
that  if  all  domestic  and  manufacturing  water  is  used  from  a 
separate  metered  line,  the  interests  of  the  community  are  not 
jeopardized  by  omitting  meters  from  the  fire  service  lines,  pro- 
vided, of  course,  that  these  are  used  solely  for  this  purpose.  In 
other  words,  the  water  for  extinguishing  fire  in  protected  plants 
should  be  as  freely  supplied  and  with  as  little  obstruction  to  flow 
as  it  would  be  if  taken  from  street  fire  hydrants.  The  arguments 
on  both  sides  of  this  proposition  are  so  well  known  that  they  will 
not  be  repeated. 

In  one  instance,  at  a  risk  in  Eastern  Massachusetts  having 
both  high  and  low  service  connections  with  public  mains,  it  was 
found  that  considerable  quantities  of  water  were  escaping  from 
the  high-service  reservoir,  and  as  this  occurred  during  a  dry 
season  when  there  was  a  natural  shortage  of  supply,  the  water- 
works officials  deemed  it  expedient  to  shut  off  this  particular 
connection,  which  they  did  without  notification  to  the  corporation. 
In  the  study  of  the  situation  which  followed,  the  writer  found  that 
11  000  gal.  per  day  were  being  lost  through  the  underground 
system,  thus  representing  about  7.3  gal.  per  day  per  linear  foot 
of. the  1  500  ft.  of  lead  joint  involved.  As  this  was  deemed  exces- 
sive, the  points  of  greatest  loss  were  approximately  located  by 
meter  readings  on  the  various  sections  into  which  the  system  was 
divided  by  gate  valves,  the  joints  were  uncovered  in  the  worst 
sections,  and  those  found  leaking  were  repaired.  By  this  means, 
the  loss  was  reduced  to  about  2  000  gal.  per  day,  or  1.3  gal.  per 
linear  foot  of  joint.  The  pipes  in  this  instance  were  6  in.  and  8  in. 
in  diameter,  total  length  5  500  ft.,  length  of  lead  joint  1  500  ft., 
and  average  pressure  105  lb. 

A  short  time  after  this  experience,  a  favorable  opportunity  came 
for  conducting  a  test  for  leakage  on  a  small  new  public  water- 
works system  at  Medway,  Mass.  This  work  was  built  by  the 
Hanscom  Construction  Company  of  Boston,  H.  A.  Symonds 
engineer,  under  the  supervision  of  Mr.  Erastus  Worthington, 
C.E.,  of  Dedham,  Mass.  The  sources  of  supply  are  driven  wells 
from  which  water  is  pumped  through  the  distribution  system  to  a 
standpipe  30  ft.  in  diameter  by  80  ft.  high,  whose  capacity  per 
foot  in  height  is  thus  5  288  gal. 
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The  distribution  system  is  made  up  of  cast-iron  pipes  6  in.  to 
12  in.  in  diameter,  Class  E,  New  England  Water  Works  Associa- 
tion specifications.  The  lead  in  the  6-in.  sockets  is  2  in.  deep,  and 
in  the  8-in.,  10-in.,  and  12-in.  sockets  2^  in.  deep.  In  the  following 
table,  the  system  is  analyzed  with  respect  to  the  lead  joints. 


TABLE  1. 


Cabt-Ikon  Pipe. 

Number  op  Lead  Joints. 

Linear  Feet  of 
Joint. 

Lead 

1 

Linear   Feet 
Laid. 

Straight 

12-Ft. 
Lengths. 

Pipe. 

o  u 

"3 

1 

1 

Total. 

u 

Pi 

Total. 

Per  Foot 
of  Pipe 
Laid. 

12 

3  279 

274 

3 

34 

5 

316 

3.56 

1  124 

0.34 

10 

11498 

958 

5 

63 

9 

1035 

3.01 

3  116 

0.27 

8 

10  471 

873 

6 

45 

9 

933 

2.48 

2  309 

0.21 

6 

34  761 

2  897 

40 

308 

61 

107 

3  413 

1.91 

6  519 

0.19 

4 

645 

54 

1 

6 

2 

63 

1.36 

86 

0.13 

60  654 

5  760 

13  154 

At  the  time  of  the  test  the  system  had  been  entirely  completed 
with  the  exception  of  service  connections,  none  of  which,  however, 
had  been  put  in.  The  mains  and  standpipe  had  been  filled  about 
ten  days  previously  and  the  hydrants  had  been  thorough^  flushed 
out,  thus  removing  most  of  the  air.  With  the  standpipe  again 
filled  and  with  pumps  stopped,  the  observation  for  leakage  was 
made  for  a  twenty-four-hour  period  l)y  simply  noting  the  rate  of 
lowering  of  the  water  level.  During  this  time,  the  static  pressure 
at  hydrants  in  all  parts  of  the  town  was  found  to  vary  from  37  lb. 
to  99  lb.,  and  to  average  for  the  entire  system  about  75  lb.  A 
careful  inspection  of  the  entire  route  of  the  pipes  revealed  no 
evidence  of  large  leakage,  and  it  is  believed  that  practically  all 
was  at  lead  joints. 

The  total  loss  in  twenty-four  hours  was  found  to  be  22  400  gal., 
which,  corrected  for  small  known  drafts  and  a  slight  leak  in  the 
standpipe,  showed  a  net  loss  taking  place  in  the  underground 
mains  of  20  800  gal.  Reducing  this  to  the  unit  by  dividing  by 
13  154  gives  1.58  gal.  per  day  per  linear  foot  of  lead  joint,  an 
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equivalent  of  9  gal.  per  capita  of  the  population  on  the  pipe  lines. 
The  possible  errors  in  determining  ought  not  to  exceed  5  per  cent., 
so  that  the  correct  figures  for  this  case  should  lie  between  1.50  and 
1.65  gal.  per  day  per  linear  foot  of  lead  joint.  As  the  construc- 
tion work  was  carried  out  under  good  average  conditions  by 
reputable  contractors,  employing  experienced  pipe  layers,  joint 
makers  and  calkers,  without  the  expectation  that  it  was  to  be 
tested,  it  is  felt  that  the  results  are  fairly  representative  for  the 
size  of  pipe  and  class  of  work. 

The  following  table  contains  a  list  of  cases,  believed  to  be  accu- 
rately reported,  where  similar  determinations  have  been  made,  and 
it  is  presented  here  for  comparison. 

This  table  shows  what  general  experience  confirms,  that  bottle 
tightness  in  lead  joints  of  cast-iron  water  mains  is  an  impossibility. 
So  long  as  pipe  lines  are  built  in  this  way,  and  from  our  present 
knowledge  there  seems  no  better  method  for  general  practice, 
leakage  must  be  reckoned  with.  The  problem,  then,  is  to  reduce 
it  to  a  minimum.  In  this  endeavor  two  general  lines  of  action 
are  possible:  first,  the  substitution  of  some  more  satisfactory 
material  for  lead;  second,  an  improvement  in  the  design  and  con- 
struction of  the  lead  joint.  Under  the  first  heading  there  has 
already  been  produced  a  substance  called  "  Leadite  "  which  has 
been  quite  extensively  used.  Whether  this  will  solve  the  leakage 
problem  and  become  the  universally  recommended  material  for 
cast-iron  pipe  joints  is  still  an  open  question.  Under  the  second 
heading,  a  general  stiffening  of  specifications  under  which  pipe 
is  laid,  with  more  careful  supervision  of  joint  making,  laying  in 
deeper  trenches  to  reduce  expansion  and  contraction,  mechanical 
injury,  etc.,  and  rigid  tests  for  leakage  after  completion  would 
have  a  tendency  to  produce  tighter  work. 

The  standard  of  tightness  which  is  to  be  regarded  as  acceptable 
will  be  subject  to  much  difference  of  opinion  depending  upon  the 
point  of  view.  The  seven  gallons  per  day  per  linear  foot  of  joint 
reported  by  the  Metropolitan  Water  Board  as  leaking  on  one 
section  of  20-in.  main  seems  to  the  writer  to  be  much  in  excess  of  a 
reasonable  performance,  and  no  doubt  in  that  case  leaks  were 
discovered  by  the  test  and  afterwards  repaired.  At  this  rate  a 
12-in,  main  would  lose  25  gal.  and  a  20-in.  main  43  gal.  per  day  at 
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each  joint.  On  the  other  extreme  shown  in  the  table  probably 
few  jobs  can  equal  the  record  on  the  Providence  High  Service  of 
0.22  gal.  per  linear  foot  of  joint. 

If  leakage  on  new  work  can  be  limited  to  one  gallon  per  day  per 
foot  of  joint  under  100-lb.  pressure,  the  performance  can  be  called 
good  and  acceptable.  It  would  seem  that  below  this  limit,  thought 
and  energy  might  better  be  expended  in  tracing  other  forms  of 
waste  than  that  at  lead  joints. 

DISCUSSION. 

Mr.  C.  M.  Saville  *  (by  letter).  The  following  tables  show 
the  conditions  and  the  results  of  the  tests  on  about  7.5  miles  of 
42-in.  cast-iron  supply  main  for  the  city  of  Hartford,  laid  in 
1913-14. 

The  clause  in  the  specification  relating  to  the  testing  was: 

^^Hydrostatic  Test. 

"  Section  6.  12.  The  pipe  shall  be  tested  in  sections  of  ordered 
or  approved  lengths  under  a  static  pressure  corresponding  to  a 
water  level  everywhere  at  least  100  ft.  above  the  hydraulic  gra- 
dient shown  on  Sheet  2  of  the  contract  drawings.  All  visible 
leaks  shall  be  stopped,  and  the  entire  leakage  from  any  section 
under  such  pressure  shall  not  exceed  a  rate  of  2  gallons  in  twent}''- 
four  hours  per  linear  foot  of  pipe  joint,  the  length  of  joint  to 
be  figured  on  the  nominal  interior  diameter  of  the  pipe.  Should 
the  leakage  exceed  this  amount,  the  joints  shall  be  recalked  until 
the  leakage  under  the  above  pressure  is  within  the  limit  pre- 
scribed. The  test  pressure  shall  be  maintained  for  at  least 
twenty  minutes.  For  these  tests  the  contractor  shall  provide 
clean  water,  suitable  bulkheads,  and  all  necessary  pumps,  piping, 
connections,  meters,  gages,  and  other  equipment  without  extra 
compensation." 

Mr.  George  H.  Finneran.!  I  should  like  to  know  how  man}^  of 
the  water  works  represented  here  test  main-pipe  joints  for  leakage 
before  back-filling  the  trench.  I  know  that  as  a  matter  of  theory 
such  a  course  ought  to  be  followed,  but  as  a  matter  of  practice  I 
should  like  to  know  to  what  extent  such  tests  are  made.     In  Bos- 


*  Chief  Engineer,  Board  of  Water  Commissioners,  Hartford,  Conn, 
t  Assistant  Superintendent,  Water  Works,  Boston. 
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ton  we  do  not  make  them.  I  am  curious  to  know  if  there  are  any 
cities  or  towns  wherein  the  practice  is  carried  on  rehgiously,  with- 
out deviation  or  exception. 

Mr.  Frank  L.  Fuller.*  It  has  always  seemed  to  me  very 
important  to  test  water-pipe  systems.  On  the  completion  of  the 
Winchendon,  Arlington,  and  Uxbridge  systems,  this  was  done  by 
means  of  a  boiler  testing  pump.  This  pump  has  a  very  small 
piston  or  plunger  and  of  course  throws  very  little  water,  perhaps 
three  gallons  per  minute.  The  pump  has  a  lever  handle  and  a 
stroke  about  six  inches  long,  and  a  pressure  of  two  to  three  hundred 
pounds  per  square  inch  can  easily  be  obtained. 

After  the  pipe  system  has  been  filled  with  water,  gates  are  shut 
so  as  to  form  a  closed  section  of  moderate  size.  The  discharge 
from  the  pump  is  connected  to  a  hydrant  within  this  section  and 
the  suction  to  a  tight  barrel  or  cask.  If  the  pipe  within  the  sec- 
tion shut  off  by  gates  is  free  from  leaks,  the  pressure  can  be  quickly 
raised  to  any  desired  point.  If  upon  shutting  the  gates  the  pres- 
sure falls  and  cannot  be  raised  by  working  the  pump,  there  is  a 
leak  within  the  section  greater  than  the  capacity  of  the  pump.  If 
the  reservoir  or  standpipe  pressure  does  not  force  the  leakage  to 
the  surface,  so  that  the  leak  can  be  found,  some  other  method 
must  be  employed.  One  method  is,  with  a  larger  pump  to  force 
into  the  closed  section,  under  sufficient  pressure,  an  amount  of 
water  larger  than  that  escaping  through  the  leak.  If  the  trouble 
comes  from  a  cracked  pipe  or  a  poor  joint,  the  increased  pressure 
is  likely  to  still  further  open  the  split  pipe  or  the  poor  joint,  and 
water  show  upon  the  surface  of  the  ground. 

Mr.  Walter  E.  SpEAR.f  The  Board  of  Water  Supply  has  laid 
no  pipe  in  the  main  conduit  lines  smaller  than  48  in.  For  these 
lines  our  specifications  require  the  leakage  to  come  within  a  maxi- 
mum of  two  gallons  per  day  per  foot  of  joint.  The  actual  meas- 
ured leakage  ranged  from  this  figure  down  to  less  than  half  this 
amount. 

President  Metcalf.  Do  you  test  them,  as  a  matter  of  fact, 
before  the  pipe  is  covered? 

Mr.  Spear.     Hydrostatic  tests  were  generally  made  on  sections 

*  Civil  Engineer,  Boston. 

t  Department  Engineer,  Board  of  Water  Supply,  New  York. 
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between  line  valves  of  about  half  a  mile  in  length,  and  ordinarily 
after  the  pipe  was  covered.  The  tightness  of  the  pipe  seemed  to 
be  largely  a  question  of  supervision  and  the  reliability  of  the  work- 
men. The  best  results  were  noted  on  a  job  where  the  contractor 
had  calkers  whom  he  knew  and  could  rely  upon.  In  one  organiza- 
tion every  joint  was  marked  to  identify  the  workman  who  calked 
it,  and  when  any  leakage  occurred  the  calker  responsible  for  it  was 
brought  to  account.  We  had  one  line  on  which  a  great  deal  of  re- 
calking  had  to  be  done  because  the  contractor  did  not  have  proper 
supervision  and  did  not  know  his  calkers. 

Mr.  S.  E.  Killam.*  As  far  as  the  Metropolitan  water  supph' 
is  concerned,  the  test  for  leakage  on  these  lines  was  made  as  soon 
as  the  contract  was  completed  and  before  the  final  payment.  This 
is  true  of  all  recent  contracts  with  one  exception,  and  that  is  on  a 
line  that  was  just  completed,  where  it  was  impossible  to  test  until 
a  parallel  line  could  be  put  in  use. 

I  was  surprised  at  the  figures  quoted  in  the  paper  just  read,  on 
the  leakage  of  a  20-in.  main  of  the  Metropolitan  Water  Works. 
I  think  there  must  have  been  some  leak  of  considerable  size  which 
was  repau'ed  before  the  line  was  finally  put  in  use. 

Last  year  a  test  on  a  20-in.  line  4  965  ft.  in  length  showed  a 
leakage  of  one  gallon  per  minute,  equivalent  to  .6  gal.  per  day 
for  each  foot  of  joint.  On  this  line  there  were  twelve  joints 
made  of  wood  staves,  which  are  installed  to  reduce  the  amount  of 
electricity  traveling  on  the  pipe  line.  The  test  was  made  in  a 
closed  trench,  and  after  the  line  had  been  under  pressure  for  about 
seven  days.     The  pressure  on  this  main  varied  from  35  to  100  lb. 

A  recent  test  of  the  12-in.  submerged  line  under  the  Neponset 
River  in  the  Hyde  Park  district  of  Boston  showed  the  line  to  be 
practically  tight  under  150  lb.  pressure.  The  length  of  this  line 
is  326  ft.,  of  which  134  ft.  is  of  the  spherical  joint  type.  This  line 
was  laid  in  1902.  The  trench  under  the  river  was  excavated  with 
a  dredge,  and  the  pipe  made  up  on  the  shore  and  buoyed  across  on 
empty  oil  barrels,  after  which  the  barrel  lashings  were  cut,  allow- 
ing it  to  settle  into  the  trench.  Under  the  direction  of  the  State 
Board  of  Health,  the  river  channel  during  the  last  few  years  has 
been  deepened  and  improved  for  the  purpose  of  draining  the  great 

*  Superintendent  of  Pipe  Lines,  Metropolitan  Water  Works,  Boston. 
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area  of  wet  meadows  in  the  central  part  of  the  watershed.  On 
August  16,  1915,  a  leak  developed  in  the  river  channel,  and  on  in- 
vestigation it  was  found  that  the  pipe  had  pulled  apart,  presumably 
by  the  dredge,  which  had  been  at  work  in  this  locality.  The  pipe 
was  pulled  into  place  and  the  lead  recalked  and  the  joint  faced 
with  lead  wool.     A  test  was  then  made,  with  the  result  given  above. 

Mr.  Finneran.  While  we  in  Boston  know  of  various  means 
and  methods  of  testing  sections  of  pipe  lines,  and  upon  occasion 
have  employed  them,  the  question  that  I  should  like  to  have  an- 
swered is  to  what  degree  it  is  considered  desirable  to  defer  back- 
filhng  until  the  pipe  joints  have  proved  their  tightness.  In  laying 
in  congested  city  streets  it  is  desirable  to  back-fill  as  quickly  as 
possible,  so  as  to  inconvenience  the  public  as  little  as  possible;  and 
it  is  for  that  reason  more  than  any  other  that  in  Boston  we  omit 
the  testing  before  the  trench  is  back-filled.  As  I  said  before,  we 
do  in  many  cases  test  for  leakage,  but  we  have  no  means  of  know- 
ing which  particular  joint,  if  any,  is  leaking.  That  can  be  ascer- 
tained in  a  practical  manner  only  by  observation. 

Mr.  Morris  Know^les.*  In  Pittsburg  the  practice  is  to  know 
that  the  pipes  are  tight  before  back-filling. 

Mr.  Irving  S.  WooD.t  In  Providence  the  work  is  all  done  by 
the  city,  and  pretty  thoroughly  inspected.  It  is  not  the  practice 
to  test  the  joints  before  back-filling. 

Mr.  a.  E.  Martin. t  In  Springfield  we  seldom  test  the  pipes 
before  back-filling. 

In  the  outlying  districts  it  might  be  possible  and  practical  to 
test  them,  but  in  the  main  streets  of  the  city  where  the  travel  is 
very  congested  it  would  not  be  practical  nor  possible. 

Mr.  George  A.  Stacy.  §  As  far  as  practical,  we  like  to  test  the 
joints  before  they  are  covered.  We  rely  a  good  deal  upon  a  good 
man  with  plenty  of  time  to  do  the  work  properly,  and  rely  some- 
thing on  the  nature  of  the  soil  to  detect  a  leak  that  would  amount 
to  anything.  The  soil  being  a  hard,  compact  clay,  we  cannot  lose 
a  great  deal  of  water  without  its  coming  to  the  surface.     Our  con- 
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sumption  according  to  the  pumping  record  is  such  that  we  think 
perhaps  ignorantly  that  we  have  got  a  very  small  percentage  of 
leakage.     We  have  not  gone  into  it  in  a  scientific  way. 

The  question  comes  to  mj^  mind  that  after  you  have  tested  your 
pipe  lines,  are  they  going  to  stay  tight  under  what  might  be  called 
.working  conditions;  that  is, unequal  settlement,  water  hammer,  etc.? 
Are  all  those  joints  going  to  show  the  same  results  five  or  six  years 
afterward  as  they  do  at  the  time  they  are  tested? 

I  have  a  16-in.  force  main  two  miles  long  that  is  undei-  a  pressure 
of  from  60  to  182  lb.,  and  it  never  showed  any  leaks  until  seven 
or  eight  years  after  it  was  laid.  Since  then  we  have  had  five  or 
six  leaks,  these  extended  over  ten  or  twelve  years,  all  would  be 
called  small  leaks,  and  were  easily  stopped.  We  had  one  recently 
down  near  the  pumping  station,  where  our  greatest  pressure  is; 
the  pipe  had  been  in  there  twenty  years  and  never  caused  trouble. 
The  lead  had  started  out  and  it  was  some  work  to  drive  it  back  as 
we  did  not  shut  the  water  off.  We  have  had  no  trouble  with  it 
since.  In  laying  this  line  we  crossed  a  brook,  where,  unfortunately, 
the  clay  jointer  gave  way,  and  they  had  to  pour  the  joint  two  or 
three  times.  We  expected  trouble  here  and  we  have  watched  that 
joint  twenty  years  but  have  never  found  any.  I  think  that  joint 
is  as  good  as  any  in  the  line.  I  think  it  is  a  proper  thing,  and  I 
guess  we  all  agree  on  that,  when  it  is  practical,  to  test  all  our  joints 
before  they  are  covered.  I  have  just  laid  a  short  line,  or  am  laying 
it,  with  Leadite.  We  left  three  or  four  joints  to  see  how  they  looked 
when  we  turned  the  water  on,  but  all  we  ever  found  was  a  little 
froth,  and  the  next  morning  that  was  gone,  and  the  joints  tight, 
and  they  seemed  to  grow  tighter  as  they  grew  older;  why,  I  don't 
know.  If  the  Leadite  is  as  durable  as  the  pipe,  1  do  not  know  why 
these  joints  should  not  remain  tight  during  the  life  of  the  pipe.  I 
have  one  or  two  joints  that  I  made  with  Leadite  al)()ut  five  years 
ago.  We  have  kept  an  eye  on  them,  especially  one  joint  where 
the  Leadite  was  at  the  wrong  temperature.  That  joint  leaked  a 
drop  or  two.  We  dug  down  to  that  before  the  season  clo.sed  and 
found  it  absolutely  tight.  The  only  leak  that  did  not  stop  that  I 
have  had  in  using  Leadite  is  where  we  had  a  little  water  in  the  joint. 
I  found  there  that  I  tlid  not  know  how  to  make  Leadite  tight  on  a 
wet  joint.     I  suppose  that  might  be  overcome,  l)ut   I   think  if  I 
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had  one  that  was  pretty  wet  I  should  use  lead  or  lead  wool  in  mak- 
ing the  joint. 

A  Member.  There  is  one  point  I  have  not  heard  any  one  men- 
tion. Some  years  ago  I  was  laying  a  line  of  pipe  up  to  a  spring 
which  was  to  supply  a  small  town.  There  were  no  streets  to  be 
crossed,  so  we  left  the  trench  open  to  test  the  joints,  and  the  pipe 
was  exposed  for  quite  a  while.  The  water  ran  in;  a  few  joints 
sweated  and  we  calked  them.  The  contractor  had  his  men  all 
busy  at  another  part  of  the  line  by  that  time  and  he  did  not  want 
to  bring  them  down  to  back-fill,  so  we  let  the  pipe  lie  open.  It 
was  in  the  fall  with  cool  nights  and  hot  weather  in  the  daytime, 
and  we  found  that  every  day  the  pipes  expanded  and  every  night 
they  contracted,  and  in  the  morning  we  would  find  sweaty  joints. 

Mr.  George  F.  Merrill.*  It  brings  to  my  mind  an  experience 
we  have  had  at  Greenfield.  We  have  a  line  between  our  reservoirs, 
that  is  left  uncovered,  subject  to  the  temperature  changes.  I  find 
those  joints  after  they  are  calked  quite  often  get  to  leaking  — 
I  suppose  because  of  the  temperature,  the  expansion  and  contrac- 
tion. I  presume  that  would  work  more  or  less  on  a  fine  where  the 
trench  was  left  open  for  a  long  time. 

Mr.  Frank  L.  Fuller.  While  it  is  perfectly  feasible  to  test 
an  extension  to  an  old  system  before  back-filling  is  done  on  a  line 
of  pipe,  I  think  it  is  true  that  in  the  majority  of  the  country  systems 
the  pipe  is  often  laid  before  there  is  any  possibility  of  testing  it. 
That  is,  the  pipe  laying  may  be  the  first  thing  that  is  done,  and 
the  installing  of  the  pump  and  the  completion  of  the  reservoir  is 
the  very  last  part  of  the  work,  so  there  is  no  opportunity  to  test 
the  pipe  line  until  after  it  is  back-filled. 

Mr.  W.  C.  HAWLEY.f  There  is  one  fact  which  I  think  we  should 
keep  in  mind  in  considering  this  question  of  leakage.  It  has  been 
customary  to  compute  leakage  on  a  rate  per  linear  inch  of  joint  or 
per  inch-mile  of  pipe.  Is  this  the  proper  basis  for  comparison?  As 
a  matter  of  fact,  the  great  bulk  of  leakage  is  not  caused  by  a  general 
leakage  from  every  or  even  many  joints.  My  experience,  and  I 
have  seen  many  miles  of  pipe  uncovered  for  the  purpose  of  replace- 
ment with  larger  pipe  or  for  tapping,  has  convinced  me  that  a  very 
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large  percentage  of  joints  are  absolutely  tight.  Most  of  the  leakage 
is  caused  by  a  few  large  leaks;  some  is  from  stuffing  boxes  on  gate 
valves,  which  obviously  has  no  relation  to  diameter  of  pipe  or 
length  of  joint.  The  frequent  use  of  the  pitometer  on  many  water- 
works systems  seems  to  confirm  my  contention.  This  instrument 
does  not  locate  general  leakage,  but  does  find  the  large  leaks.  I 
mention  this  so  that  those  who  have  not  given  the  matter  consider- 
ation will  not  conclude  from  our  discussion  that  a  general  leakage 
is  to  be  expected.  I  think  that  we  should  also  consider  carefully 
whether  or  not  the  basis  which  has  been  chosen  for  stating  the 
amount  of  leakage  is  a  desirable  one  or  if  a  better  one  should  be 
cho.sen. 

We  test  ever}'  joint  before  it  is  back-filled,  and  if  we  cannot  lay 
but  half  a  dozen  joints  we  put  in  a  plug  and  run  it  with  Leadite  and 
test,  cut  out  the  plug  in  ten  or  fifteen  minutes  and  go  ahead. 

In  Atlantic  City  we  used  lead,  and  generally  tested  our  pipes 
before  back-filling. 

Mr.  Edward  D.  Eldredge.*  I  do  not  put  as  much  confidence 
in  testing  the  pipe  as  in  insuring  a  good  foundation  under  the  pipes. 
I  think  some  large  leaks  occur  where  the  pipe  settles  unduly,  al- 
though under  test,  before  filling,  no  leak  may  appear.  In  back- 
filling the  trench  the  first  process  should  be  to  ram  the  filling  firmly 
under  the  pipe,  to  be  sure  that  whatever  results  from  the  weight  of 
back-filling,  the  pipe  is  going  to  maintain  its  position.  Then  if 
the  calking  is  done  in  a  first-class  manner  the  probabilities  are  that 
the  joints  will  be  tight.  In  our  system  of  about  15  miles  of  pipe, 
we  do  not  know  of  any  leakage.  The  town  is  principally  a  summer 
resort.  The  winter  population  is  only  five  or  six  hundred.  There 
have  been  days  in  the  winter  when  the  consumption  was  only  10- 
000  gal.  That  would  indicate  a  very  small  leakage.  We  make 
sure  that  in  back-filling  no  settlement  of  the  pipe  occurs.  Sandy 
soil  favors  this  operation. 

Mr.  a.  E.  Martin.  In  following  up  what  Mr.  Hawley  said, 
about  the  leakage  not  being  from  every  joint,  we  had  a  little  ex- 
perience in  that  line  during  this  last  summer  or  early  in  the  spring. 
On  account  of  changes  in  grades  of  streets  we  had  to  re-lay  and 
lower  about  a  mile  of  30-in.  main,  and  in  the  whole  length  of  that 

*  Superintendent  of  Water  Works,  Onset,  Mass. 
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main  we  did  not  find  half  a  dozen  joints  that  were  even  sweating. 
The  hne  was  laid  about  1892.  I  think  it  is  safe  to  say  that  Mr. 
Hawley  is  right  in  that  the  leakage  is  not  from  every  joint  but 
generally  from  some  few  bad  ones. 

Mr.  Smith.  I  am  very  glad  this  feature  of  the  discussion  has 
come  up,  because  I  think  very  likely  my  paper  has  given  a  false 
impression  on  that  point.  I  know  that  what  the  gentlemen  say 
is  perfectly  true,  —  it  is  not  every  lead  joint  that  leaks.  My  own 
experience  and  that  of  many  others  with  whom  I  have  talked  con- 
firms this.  The  water  commissioner  of  Worcester,  Mass.,  once 
said  to  me,  "  We  do  not  have  any  leaks  in  lead  joints.  We 
have  a  bottle-tight  system.  I  have  seen  miles  and  miles  of 
pipes  with  lead  joints  uncovered  without  a  single  leak,"  testimony 
which  proves  that  at  least  some  joints  do  not  leak.  There  are 
however,  many  small  leaks  besides  those  large  ones  which  Mr. 
Hawley  has  called  attention  to,  and  this  paper  was  intended  to 
emphasize  this  fact  and  to  arrive  at  some  more  definite  idea  of  the 
volume  of  leakage  which  must  certainly  be  expected  on  every 
large  cast-iron  pipe  system.  Therefore  it  seems  to  me  that  the 
experience  of  these  water-works  men,  if  it  can  be  formulated  and 
got  into  shape,  would  establish  just  such  a  standard  as  I  have  been 
trying  to  set  before  you.  The  records  are  pretty  meager  and  your 
accumulated  experience  would  have  great  value  in  establishing  a 
basis  of  judgment. 

Mr.  William  F.  Sullivan.*  This  discussion  has  brought  out 
a  lot  of  information  regarding  leaks  on  lead  and  Leadite  joints. 
My  own  experience  has  been  such  that  whenever  the  pressure  was 
put  on  uncovered  pipes,  we  have  inspected  the  joints  to  see  what 
leaks  there  were,  if  any.  Occasionally  we  would  find  small  leaks. 
Recalking  or  "  touching  up  "  the  joints  would  stop  any  "  weeping." 
On  any  pipe  line  that  had  been  back-filled  and  that  we  had  doubts 
about  being  tight,  we  would  close  the  gates  and  by-pass  one  gate, 
setting  a  small  meter  on  the  by-pass  and  find  out  the  extent  of  the 
leak.  We  periodically  test  a  river  crossing  which  we  know  leaks. 
It  is  a  24-in.  pipe,  250  ft.  long.  At  present  the  extent  of  leakage 
on  this  section  of  pipe  is  164  gal.  per  day. 

Mr.  George  F.  Merrill.     There  is  one  point  that  has  not 

*  Superintendent  of  Water  Works,  Nashua,  N.  H. 
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been  brought  out.  ]\Ii-.  Smith's  [)aper  is  of  great  value  and  shows 
us  what  a  new  pipe  Hne  should  be.  There  are,  however,  two  ele- 
ments of  leakage,  —  one,  underground  leakage,  and  another,  undcr- 
registration  of  meters.  Where  we  have  an  old  system  the  clement 
from  the  under-registration  of  meters  might  mean  quite  a  con- 
siderable amount. 

[Note.  Additional  recent  discussion  of  this  subject  will  be  fountl  in  Jouknal 
N.  E.  W.  W.,  XXVIII,  315  (1914),  — "Allowable  Leakage  from  Water 
Mains,"  by  PI  G.  Bradbury.] 


20  DECOLORIZATION    OF   WATER    BY    STORAGE. 


DECOLORIZATION   OF  WATER  BY  STORAGE. 

BY   RALPH    H.    STEARNS. 

[Read  September  8,  1916.] 

It  has  been  generally  recognized  that  when  the  colored  river 
waters  of  New  England  were  stored. in  reservoirs  for  a  considerable 
time  a  substantial  reduction  in  color  was  effected.  In  connection 
with  the  improvement  of  the  quality  of  the  Sudbury  River  water, 
this  subject  was  carefully  studied  under  Mr.  Desmond  FitzGerald, 
chief  engineer  of  the  Boston  Water  Board,  in  the  years  1891-1894, 
and  the  amount  of  the  reduction  in  color  by  storage  for  certain 
of  the  Sudbury  reservoirs  was  estimated.  The  subject  "  Decolori- 
zation  of  Water  "  was  fully  treated  at  an  informal  discussion 
before  the  American  Society  of  Civil  Engineers  in  1901.* 

The  experience  on  the  Sudbury  watershed  largely  influenced 
the  development  of  the  Wachusett  watershed,  and  resulted  in  the 
construction  of  a  reservoir  of  extraordinary  size  and  with  a  clean 
bed  to  eliminate  the  tastes  and  reduce  the  color  of  the  water. 
Now  that  the  records  of  the  colors  of  the  Wachusett  reservoir 
water  are  available  for  a  number  of  years,  a  further  study  of  the 
reduction  in  color  and  its  relation  to  storage  has  been  made,  and 
the  results  are  herewith  presented. 

It  must  first  be  understood  that  the  results  apply  to  New 
England  river  waters,  colored  with  a  vegetable  stain  which  origi- 
nates largely  in  swamps,  from  the  peat  and  decaying  vegetable 
matter.  There  is  generally  only  a  very  slight  turbidity  in  the 
water,  the  sedimentation  of  which  would  have, but  a  small  effect 
on  the  color. 

Iron  plays  a  peculiar  part  as  a  coloring  agent  in  reservoir  water. 
A  study  of  the  relation  of  iron  to  color,  made  in  Boston  about 
1892,  revealed  the  following  facts: 

Where  there  is  plenty  of  dissolved  oxygen  in  the  water,  the 
iron  is  kept  in  its  insoluble  ferric  state  and  is  therefore  precipitated 

*  Trans.  Am.  Soc.  C.  E.,  Vol.  XLVI.  p.  141. 
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and  remains  on  the  floor  of  the  reservoir.  When  the  oxygen  in 
the  water  becomes  exhausted,  this  ferric  iron  may  be  reduced  to 
its  ferrous  state  by  the  surrender  of  its  ox3'gen  to  the  organic 
matter,  and  may  then  be  taken  up  by  the  water.  A  lack  of  oxygen 
often  obtains  during  the  warmer  months  at  the  bottom  of  deep 
reservoirs,  below  the  plane  reached  by  the  circulation  of  the  upper 
waters,  where  organic  matter  is  abundantly  supplied  either  by 
the  bottom  or  the  influent  water.  The  colorless  ferrous  iron  upon 
oxidation  imparts  a  high  color  to  the  water,  which  is  gradually 
reduced  to  normal  again  by  precipitation  of  the  iron.  Iron  has 
appeared  on  occasions  in  the  Hopkinton  and  Borden  Brook 
reservoirs,  and  frequently  in  Milham  Brook,  but  not  in  the  other 
reservoirs  listed  in  the  table. 

In  earlier  discussions  it  has  frequently  been  stated  that  the 
bleaching  of  water  was  due  entirely  to  the  agency  of  sunlight. 
That  sunlight  is  a  bleaching  agent  was  conclusively  proved  by 
exposing  colored  waters  in  bottles  to  the  sunlight,  while  similar 
samples  were  kept  in  the  dark.  The  former  were  in  time  com- 
pletely decolorized,  while  the  latter  were  practically  unchanged. 
Also,  by  placing  bottled  water  at  dijfferent  depths  in  a  reservoir, 
the  effective  bleaching  was  found  to  be  confined  to  the  upper  few 
feet,  while  at  a  depth  of  10  ft.,  in  a  reservoir  water  having  a  color 
of  40,  no  appreciable  reduction  was  found  after  a  month's  exposure. 

The  conclusion  that  bleaching  is  the  result  of  sunlight  alone  is, 
however,  not  borne  out  by  the  actual  observations  in  deep  reser- 
voirs. In  such  reservoirs  a  complete  mixing  occurs  in  the  early 
spring,  after  which  the  surface  water  becomes  warmer  and  of  less 
specific  gravity  than  the  lower  waters,  and  vertical  circulation 
between  the  upper  and  lower  strata  ceases  entirely  until  the  fall 
overturn  occurs.  In  this  bottom  water,  thus  left  stagnant  and 
beyond  the  reach  of  sunlight,  decolorization  goes  on,  and  at  a 
considerable  rate. 

Takings  for  example,  the  Wachusett  records  for  1907-1914, 
the  maximum  color  reached  at  the  dam  after  the  spring  overturn 
averaged  18.6,  and  this  was  reduced  before  the  fall  overturn  to 
14.4  at  the  bottom,  as  against  12.6  at  the  surface.  In  other 
words,  the  rate  of  reduction  was  about  30  per  cent,  less  at  the 
bottom. 
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At  the  Hopkinton  and  Ashland  reservou's,  with  then-  highly 
colored  waters,  the  decolorization  at  the  bottom  appears  to  have 
been  about  one  half  of  that  at  the  surface.  It  may  be  urged  that 
the  reduction  of  color  at  the  bottom  is  due  to  dilution  by  ground 
water,  but  this  is  of  no  such  quantity  near  the  dams  as  to  dilute 
the  water  of  these  reservoirs  even  when  drawing  them  down. 

The  only  other  explanation  of  decolorization  at  the  bottom  is 
slow  oxidation  without  sunlight.  As  the  dissolved  oxygen  in  the 
water  at  the  bottom  of  a  stripped  reservoir  supplied  with  good 
water  does  not  become  exhausted,  this  seems  the  rational  explana- 
tion. The  failure  of  bottled  water  to  bleach  was  probably  due 
to  lack  of  oxygen  and  insufficient  time. 

The  decolorization  of  water  by  storage,  then,  is  apparently 
pure  bleaching,  brought  about  by  sunlight  and  by  oxidation, 
and  taking  place  at  the  bottom  of  deep  reservoirs  in  cases  where 
there  is  plenty  of  dissolved  oxygen  in  the  water  as  well  as  at  the 
surface.  The  bleaching  action,  while  always  going  on,  is  greatly 
accelerated  during  the  summer  months,  and  becomes  a  minimum 
when  the  reservoir  is  covered  with  ice. 

It  appears  that  the  reduction  in  color  is  proportional  to  the 
initial  color  —  that  is,  the  percentage  reduction  is  independent 
of  the  initial  color.  Also,  it  has  been  shown  that  decolorization 
will  continue  to  completion,  both  in  bottles  and  in  large  natural 
lakes. 

The  reservoirs  which  were  studied,  as  seen  in  the  table  below, 
were  mainly  those  of  the  Metropolitan  Water  Supply,  but  a  few 
others  were  added  where  reliable  records  of  influent  and  reservoir 
colors  were  available.  The  results  are  based  on  averages  of  from 
five  to  fifteen  years,  which  tends  to  neutralize  any  anomaly  of  a 
single  month  or  year. 

During  the  years  1906  and  1907,  the  Wachusett  reservoir  was 
filling  for  the  first  time,  and  the  storage  capacity  was  therefore 
taken  as  equal  to  the  maximum  quantity  of  water  held  in  storage 
during  each  of  these  years.  In  the  year  1907,  there  was  an  ab- 
normally high  run-off  during  the  last  three  months,  which  was 
reflected  in  the  high  color  of  the  water  during  the  first  two  months 
of  1908,  and  in  order  to  give  a  truer  comparison  those  three  months 
were  included  with  the  year  1908. 


STEARNS. 


23 


,       UOI 

jonp 

lO 

-aa  JOioo 

CO       O       00       t^       >o 

X 

Oi 

I> 

oi 

Tf 

■>* 

•}uao  aaj 

XI           Tj<           ■<*<           Tf           CO 

T-H 

»o 

s 

IM 

•Suiumui 

LO 

-aa  aoioQ 

Tt*          - 

c^i      CO      »o 

01 

^ 

-v^ 

d 

CO 

CO 

■jnao  jaj 

CO        iC        ic  ■      lO        <D 

X 

o 

^ 

CO 

i> 

OS 

cuBa 

t>- 

;b  ja^BAi. 

-*'       CO       ■<*       o       »o 

05 

C5 

»o 

t^ 

lO 

JO  JOJOQ 

• 

'-1        (M        (M        CD        CD 

CO 

CO 

IC 

X 

lO 

■* 

•jajBjy^ 

iq 

luanijui 
JO  aoioQ 

CO        lO        CD        CO        O 

•<** 

CO 

CO 

OS 

IC 

t^ 

tJh        ■^        ■^        1— t        O 

X 

t^ 

CO 

•o 

t^ 

-* 

Id   •i.saa 

00        05        00        »0        CD 

LO 

(M 

■* 

■* 

CO 

»o 

JO  q^daa 

Tf<        CO        CO        (N        (N 

1-H 

I— 1 

CO 

1-H 

aSBaaAY' 

•sXbq 

•a3BJojg 

iC        ic        O        '^        CO 

l-*^ 

CO 

o 

lO 

X 

CO 

•-H          L-Z          00         CO         O 

Tt< 

X 

CO 

CO 

0 

JO  qjaua^ 

CO        CO        (M        (N        C^ 

(N 

CO 

CO 

•aiUV   bg 

•*          O          CO          ^H          1© 

(M 

CO 

»0 

CO 

iCi 

CO 

OS        (M        ■*        -H        CO 

CD 

t>. 

CO 

(M 

Ui 

00           O           O            r-*           O 

P 

X 

X 

OS 

X 

jad  piai.it  * 

d     d     ^     ^     ^ 

1-H 

d) 

-^ 

d 

d 

d 

>» 

^S' 

CO 

*t? 

o      t^       C<l       o      o 

»o 

^H 

cO 

OS 

(N 

X 

d 

»C>        (M        05        CD        (N 

^ 

^H 

^ 

X 

00 

0. 

02 

"5        CO        (M        (N        (N 

CO 

(M 

CO 

^ 

O        O        O        O        CD 

o 

3 

CD 

r^ 

£ 

•^ 

Q 

»c 

"5 

O        O        O        O-l        I—* 

X 

'y^ 

X 

OS 

^ 

.-H 

s 

o 

,o 

1 

O        CD        »C        "C        ■^ 

»0          00          Tt<          t-H          r-< 

IC 

CO 

O 

CO 

M 

i 

G5 

CO      CO      CO 

Area  of 
Water- 
shed. 
Sq.  M. 

CO      CO 

CD 

lO 

CD 

00           TtH 

0\ 

C^l 

iC 

't3 

X         GO        X        >0        CD 

^^ 

r>^ 

X 

^ 

°§"a 

H 

-* 

■  03  o 
O  <u  m 

^ 

l>         "1 

•       1-1        00        IM 

CD 

^ 

lO 

■* 

s 

»c 

(N 

^;>^t3 

""• 

^~* 

'"' 

1— 1 

t:i 

0 

■^ 

t--cot^co 

CD 

A 

rH 

COCO 

CO  ■*  CO  co'c^  ■<*<■ 

"sa 

^ 

otocrso 

Oi 

O— 1 

o^ 

O-H 

0^ 

^ 

.^ 

X'  O  X  C: 

X 

GiCiC^a 

OS  OS 

OS 

OS  OS 

"  C8 

I^ 

c 

1 

oc 

C 

10  05^05 

1 

So 

X  iC 

A. A 

1 
o 

1Z 

c 

T— 

0  05  0105 

o; 

g:  ooo 

00 

c- 

X  XX  X 

X 

o.  o 

CT-  O 

OS 

OS  OS 

>1 

^ 

1-H   T-H   f— 1   T-H 

1-H 

r~*  ^— 

— -    r-H 

^-  ^-( 

^H 

^^■v^^"^^/^^ 

""^v-"* 

'~*-^^ 

"■^^/■^ 

^•^"v^^ 

JS 

M 

3 

>> 

3. 

a, 

g 

3 
3 

b 

3 
3 

o 

CO 

-1 

0 
0 

^3         3 

CO 

•  3 

3 

3 

(-1 

a 

CO 

§ 

'o 

> 

3        -Q 

6 

6 

o 

2 

§ 

^ 

^ 

3 

^4 

y. 

.-li" 

o 

« 

4 

c 

V. 

O 

-4-2             ,.< 

.S      2 

"o 

'5 

o 

a 

« 

s 

X 

i. 

-c 

I 

> 

-4 

Si 

3 

a 

-3 

15 

1 
^ 

§ 
^ 

11 

p^ 

o 

.- 

Cl 

CO 

-r      i-o 

CO 

t^ 

X 

-; 

3- 

^ 

1 

"— ' 

.-H 

24  DECOLORIZATION    OF   WATER    BY   STORAGE. 

In  determining  the  colors  of  the  inflowing  water,  the  average 
color  of  the  inlet  was  weighted  in  accordance  with  the  quantity 
of  water  flowing  each  month,  this  being  based  on  the  run-off 
records  of  the  Wachusett  or  Sudbury  watershed,  as  appeared  most 
comparable.  In  the  single  case  of  Reservoir  No.  2,  the  direct 
average  of  the  influent  colors  was  used,  as  the  reservoir  contained 
but  thirteen  days'  average  run-off.  The  reservoir  colors  are 
direct  averages  of  the  published  monthly  records.  All  colors 
were  given  in  or  converted  to  the  platinum  standard. 

Reduction  of  color  is  not  only  a  function  of  the  storage  per 
square  mile,  which  is  the  base  used  in  the  accompanying  diagram, 
but  also  of  the  run-off  per  square  mile.  In  this  connection  it 
must  be  noted  that  the  records  available  for  the  Wachusett 
reservoir  cover  a  period  of  abnormally  dry  years,  and  a  slightly 
smaller  reduction  must  be  expected  when  the  yield  is  high.  The 
records  for  the  Sudbury  reservoirs,  on  the  other  hand,  are  for 
years  when  the  yield  was  above  the  normal.  The  number  of 
days  that  the  average  yield  is  held  in  storage  would  be  the  more 
logical  base,  but  the  one  used  shows  the  results  closely  enough  and 
is  definite. 

To  obtain  an  accurate  measure  of  the  bleaching  accomplished, 
the  bulk  of  the  inflow  must  be  brought  into  the  reservoir  by  a 
single  surface  stream,  or  by  several  streams,  the  relative  discharges 
of  which  are  known.  Such  conditions  were  substantially  realized 
in  the  cases  of  the  reservoirs  studied.  In  general,  the  rainfall 
and  evaporation  will  about  balance,  so  that  but  little  dilution 
takes  place  from  rainfall. 

Results. 

The  results  appear  in  the  accompanying  table  and  diagram. 
The  diagram  shows  as  abscissae  the  storage  capacity  of  the  reser- 
voir per  square  mile  of  watershed,  and  as  ordinates  the  per  cent, 
reduction  in  color  of  the  inflowing  river  water  resulting  from  its 
passage  through  the  reservoir. 

It  will  be  seen  that  the  curves  determined  by  the  points  plotted 
show  a  progressive  reduction  in  color  as  the  storage  per  square 
mile  increases.     This  reduction  in  the  case  of  the  Wachusett 
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amounts  to  66  per  cent.  The  line  for  unstripped  reservoirs  is 
added  only  to  indicate  the  general  position  on  the  diagram,  as 
the  data  are  too  limited  and  too  variable  in  this  case  to  justify 
any  analysis. 

DIAGRAM     SHOWING     REDUCTION     OF     COLOR     BY      STORAGE 


100  zoo  300.  400  500  600 

Storage    in    Miflion    Gallons    per    Square    Mile 
Fig.  1. 

The  maximum  color  in  a  reservoir  is  normally  attained  in 
May  or  June,  following  a  period  of  heavy  inflow,  after  which 
the  bleaching  takes  place  actively  and  the  color  decreases  until 
another  flood  period  occurs. 

The  maximum  color  of  the  influent  of  the  Wachusett  for  any 
month  was  70,  while  the  maximum  of  the  reservoir  near  the  dam 
for  any  month  was  29.  This  color  resulted  from  the  1907  floods, 
before  the  reservoir  had  filled  for  the  first  time.  In  1911,  as  a 
result  of  very  small  inflow,  the  bleaching  action  went  on  until 
the  color  was  reduced  to  7,  which  color  obtained  from  the  surface 
to  the  bottom  of  the  reservoir.  This  color  was  maintained  for  a 
period  of  three  months,  while  the  color  of  the  influent  for  these 
same  months,  which  was  of  considerable  quantity,  averaged  45. 
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The  color  of  the  influents  of  the  Ashland  and  Hopkinton  reser- 
voirs on  a  few  occasions  exceeded  200  during  the  months  of  small 
run-off  of  the  years  above  noted,  while  the  maximum  recorded 
color  of  the  reservoir  water  near  the  dam  was  107  for  the  Ashland 
and  9G  for  the  Hopkinton  reservoir. 

The  colors  for  the  month  of  each  year  in  which  the  color  was  a 
maximum  were  averaged  in  the  case  of  the  Wachusett,  Ashland, 
and  Hopkinton  reservoirs,  and  the  reduction  in  color  was  found 
to  be  about  five  sixths  of  the  average  reduction  for  the  year  shown 
in  the  diagram,  when  compared  with  the  same  influent  colors. 
This  indicates  the  insurance  against  the  highly  colored  water 
reaching  the  distribution  system. 

Evidence,  other  than  the  bottle  experiments,  which  points  to  the 
effect  of  sunlight  in  accelerating  the  bleaching,  is  found  in  the 
shallow  Fall  Brook  and  Hobbs'  Brook  reservoirs.  These  have 
an  average  depth  of  14  ft.,  and  show  a  much  greater  percentage 
reduction  in  color  than  the  Ashland  and  Hopkinton  reservoirs  of 
about  the  same  storage  per  square  mile  but  of  higher  color  and 
almost  twice  the  depth.  The  bleaching  which  takes  place  in  the 
upper  few  feet  of  the  reservoir  is  apparently  many  times  as  rapid 
as  that  which  occurs  beyond  the  range  of  the  sunlight,  but,  due 
to  intermixing  with  the  waters  just  below,  complete  decolorization 
at  the  surface  of  reservoirs  is  never  accomplished.  These  con- 
siderations would  indicate  the  advantage  of  shallow  reservoirs, 
in  this  respect. 

The  results  at  Borden  Brook  and  Milham  Brook  reservoirs 
show  the  effect  of  leaving  the  soil,  etc.,  on  all  or  a  large  part  of 
the  reservoir  bed.  For  a  period  of  years  color  is  absorbed  from 
the  reservoir  bed,  and  this  in  a  measure  offsets  the  normal  decolor- 
ization due  to  storage.  There  are  instances  where  for  this  reason 
the  reservoir  color  exceeds  that  of  the  influent  streams. 

In  order  that  advantage  can  be  taken  of  the  bleaching  effect, 
it  is,  of  course,  necessary  that  the  supply  be  taken  from  the  lower 
end  of  the  reservoir  and  that  the  greater  part  of  the  inflow  shall 
be  at  the  more  distant  points.  In  such  a  case,  a  somewhat  im- 
perfect piston  action  takes  place,  and  the  raw  river  water  travels 
but  slowly  toward  the  outlet.  To  obtain  the  best  results  the 
reservoir  capacity  should  exceed  the  maximum  run-off  of  the 
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winter  and  spring  months,  in  wliich  case  most  of  the  influent 
would  be  subjected  to  a  summer's  bleaching  before  using. 

Where  a  large  portion  of  the  inflow  comes  in  near  the  lower  end 
of  the  reservoir,  a  more  general  mixture  of  the  water  occurs. 
Even  if  it  all  comes  in  at  the  upper  end,  it  is  conceivable  that  an 
abnormally  cold  or  warm  inflow,  having  a  greater  or  less  specific 
gravity  than  the  reservoir  water,  might  run  along  the  surface 
of,  or  beneath,  the  reservoir  water  and  later  become  generally 
mixed  with  it.  In  the  last  two  cases  the  redu(;tion  would  be  the 
result  of  dilution  and  would  yield  a  less  desirable  effluent.  There 
is  evidence  of  a  slow  circulation  in  all  reservoirs,  due  to  winds 
and  temperature  changes,  together  with  the  piston  action. 

It  is  now  recognized  that  the  reduction  of  the  color  to  an  inap- 
preciable amount  is  one  of  the  requisites  of  a  satisfactory  supply, 
and,  due  to  its  great  storage,  the  Wachusett  reservoir  seems  to 
have  performed  this  function  acceptably. 

DISCUSSION. 

Mr.  Alexander  Potter.*  Would  Mr.  Stearns  give  us  a  more 
extended  definition  of  the  three  terms,  —  an  unstripped  reservoir, 
a  deep  stripped  and  a  shallow  stripped  reservoir?  I  think  that  has 
some  bearing  upon  the  interpretation  of  the  results. 

Mr.  Stearns.  A  stripped  reservoir  is  one  in  which  the  soil  con- 
taining organic  matter  has  been  taken  off  the  bottom. 

There  should  properly  have  been  a  comma  between  the  two 
adjectives  on  the  diagram;  a  deep  reservoir  and  a  stripped  reser- 
voir was  meant. 

Mr.  Potter.  A  distinction  can  ver}^  properly  be  made  between 
"  deep  stripping  "  and  "  shallow  stripping."  Practice  in  reservoir 
stripping  has  been  modified  considerably  within  the  last  ten  years. 
Then  it  was  considered  proper  to  remove  all  roots  to  a  depth  of 
2  ft.  to  remove  all  soil  containing  organic  matter,  and  to  take  other 
precautions  involving  great  expense  to  secure  a  clean  bottom. 
This  method  can  properly  be  called  "  deep  stripping."  At  the 
present  time,  it  is  considered  proper  to  allow  roots  and  stumps  cut 
down  to  the  surface  to  remain  in  place  over  the  major  portion  of 

*  Civil  Engineer,  New  York,  N.  Y. 
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the  reservoir,  covering  such  stumps  with  gravel  and  clearing  off 
the  brush,  grass,  and  vegetable  matter  by  burning.  This  method 
can  properly  be  called  "  shallow  stripping."  It  is  not  an  un- 
stripped  reservoir. 

The  writer  was  in  hopes  that  Mr.  Stearns's  studies  on  "  decolor- 
ization  "  would  adduce  some  proof  that  the  more  recent  practice 
of  less  thorough  and  less  expensive  reservoir  bottom  clearing  was 
justified.  The  paper,  however,  seemingly  confines  itself  to  condi- 
tions under  the  two  broad  classifications,  stripped  reservoirs  and 
unstripped  reservoirs. 

Mr.  Stearns.  The  operation  of  removing  the  trees,  stumps, 
and  vegetation  is,  I  think,  more  generally  spoken  of  as  "  clearing," 
and  the  reservou's  referred  to  in  the  paper  as  "  unstripped  "  were 
"  cleared  "  in  such  manner.  The  comparison  Mr.  Potter  desires 
is  therefore  shown  on  the  diagram  as  far  as  it  goes. 

Mr.  Edward  D.  Eldredge.*  I  would  like  to  ask  the  speaker 
if  he  can  inform  us  a  little  more  fully  on  the  spring  and  fall  over- 
turn, —  the  cause  and  the  process. 

Mr.  Stearns.  In  the  summer  the  surface  water  is  very  much 
warmer  and  very  much  lighter  in  specific  gravity  than  the  lower 
water.  As  the  surface  water  cools  in  the  fall,  it  becomes  heavier, 
and  when  it  gets  cooler  than  the  bottom  water  it  begins  to  sink 
down  and  the  whole  reservoir  mixes  up  together.  It  takes  an 
uniform  temperature,  an  uniform  color;  uniform  in  all  its  character- 
istics. The  same  thing  occurs  again  in  the  spring  when  the  sur- 
face water  warms  up  from  the  freezing  point  to  the  temperature 
of  maximum  density. 

Mr.  Allen  HAZEN.f  There  is  one  practical  difficulty  in  carry- 
ing out  an  investigation  like  that  which  Mr.  Stearns  has  described, 
which  has  always  seemed  very  formidable  to  me,  and  I  would  like 
to  know  just  how  Mr.  Stearns  managed  it,  —  that  is,  to  find  out 
just  what  the  color  of  the  incoming  water  really  is.  Mr.  Stearns 
gives  some  statistics  for  the  Borden  Brook  Reservoir.  Now,  I 
am  not  aware  of  any  record  that  shows  adequately  the  color  of 
the  incoming  water.  It  is  true  that  certain  examinations  are 
made,  but  the  flows  fluctuate,  and  the  flood  flows  are  very  slightly 

*  Superintendent  of  Water  Works,  Onset,  Mass. 
t  Consulting  Engineer,  New  York. 
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represented  in  the  monthly  sampHngs,  and  the  low  water  flows 
are  given  an  undue  representation.  Then  there  are  many  tribu- 
taries and  only  some  of  them  are  sampled.  Certainly  the  samples 
do  not  represent  all  of  the  water,  and  I,  for  one,  should  admit  right 
off  that  I  do  not  know  of  any  way  by  which  the  color  of  the 
incoming  water  can  be  determined. 

In  a  broader  aspect  of  the  case,  the  result  of  my  study  and 
observation  has  led  to  the  conclusion  that  while  some  improve- 
ment takes  place  in  many  waters  by  storing  them  in  open  reser- 
voirs, it  is  never  possible  to  get  a  water  in  that  way  that  is  accept- 
able, that  is  to  say,  that  is  up  to  the  standard  that  cities  in  this 
century  and  this  country  reasonably  demand.  The  water  may  be 
improved,  but  it  is  still  a  dirty,  inadequately  cleaned  water.  The 
only  way  that  these  reservoir  waters  can  be  made  into  good  water  is 
to  filter  them;  and  when  the  filtering  is  done  .the  preliminary 
improvement  that  comes  through  these  processes  which  Mr. 
Stearns  has  described  is  ordinarily  of  very  little  practical  im- 
portance. 

Mr.  Stearns.  In  answer  to  Mr.  Hazen's  question  as  to  how 
those  colors  of  the  influent  water  were  derived,  the  analyses 
are  made  by  the  State  Board  of  Health  in  Massachusetts,  and 
each  color  is  multiplied  by  the  amount  flowing  in  during  the 
period  which  that  color  represents.  If  they  were  monthly  it 
would  be  weighted  according  to  the  flow  of  water  during  each 
month.  Thus  we  obtain  the  entire  mass  of  color  which  enters  a 
reservoir  during  any  year,  and,  by  dividing  this  by  the  entire 
amount  of  incoming  water,  the  average  color  of  the  whole  influent 
mass  is  found.  This  color  is  compared  with  the  direct  average 
of  the  colors  in  the  reservoir  near  the  dam. 

In  regard  to  tire  improvement  in  the  w^ater,  the  paper  showed 
that  the  color  of  the  Wachusett  reservoir  for  the  past  seven  years 
has  averaged  14.7,  if  I  recall  the  figure,  which  is  generally  con- 
sidered a  clean  water  and,  as  far  as  the  aspect  of  color  is  concerned, 
I  think  an  acceptable  water. 

Mr.  W.  C.  Tannatt,  Jr.*  I  noticed  on  that  diagram  that 
the  curve  of  reduction  in  the  unstripped  reservoir  was  practically 
parallel  with  the  curve  of  reduction  in  the  stripped  reservoir,  with 

*  East  Hampton,  Mass. 
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the  exception  of  that  point  where  the  capacity  was  three  hundred 
milHon  to  a  square  mile,  watershed.  Now,  might  it  not  be  that 
if  the  reservoir  was  continued,  say,  to  eight  or  nine  hundred 
milHon  per  square  mile,  the  advantage  of  stripping  would  dis- 
appear because  the  proportion  of  advantage  is  decreasing?  Might 
it  not  be  a  fact  that  there  comes  a  time  when  the  stripping  would 
become  uneconomical? 

Mr.  Stearns.  It  is  a  question  whether  the  stripping  might 
be  uneconomical  or  the  increase  in  the  size  of  the  reservoir  might 
be.  That  is,  it  does  not  pay  to  develop  the  reservoir  any  further 
than  the  Wachusett  was  developed,  evidently,  because  the  line 
does  tend  to  become  parallel  with  the  base  line. 

President  Metcalf.  Is  it  assumed,  Mr.  Stearns,  that  you 
take  your  measurement  of  the  water  at  the  time  of  the  flood  flows 
at  frequent  intervals?  That  is,  do  you  take  your  measurement 
of  color  at  the  beginning  of  that  period  only,  and  assume  that  that 
color  continues  through  the  period  of  flow,  or  do  you  take  colors  at 
frequent  intervals  during  the  passage  of  the  flood  wave?  Wouldn't 
there  be  a  high  color  in  the  first  flush  of  water,  which  comes  from 
the  swamps  into  the  reservoir,  and  wouldn't  the  color  decrease  as 
the  wave  recedes?  What  assumption  is  made  as  to  the  method 
of  determining  your  color  record? 

Mr.  Stearns.  These  colors  are  usually  taken  monthly,  at 
certain  dates,  irrespective  of  any  floods,  and  it  is  only  by  getting 
an  average  over  a  large  number  of  years  that  you  can  really  count 
on  the  results.  That  is  what  was  actually  done,  for  in  most  cases 
there  were  ten  years  or  more  in  the  average,  which  would  neutralize 
any  anomaly  in  any  one  observation  of  one  flood. 

President  Metcalf.  The  analogy  to  what  I  suggested  would 
be  found,  of  course,  in  the  first  discharge  of  the  sewers  in  times 
of  storm.  There  is  a  great  difference  in  the  quality  of  the  effluent 
that  you  get  from  the  first  flush  and  the  last  few  hours  of  the  storm. 
I  wondered  if  that  same  sort  of  result  was  obtained  in  the  flow 
into  the  reservoirs.  I  judge  from  what  you  say  that  it  is,  but 
that  you  hold  that  it  is  neutralized  by  the  average.  Is  that  not 
true? 

Mr.  Stearns.     Yes. 

Mr.  Daniel  D.  Jackson.     I  was  connected  with  the  old  Boston 
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water  supply  as  their  chemist,  and  at  that  time  Mr.  Fitzgerald 
carried  on  a  great  many  experiments  on  the  decolorization  of 
water  by  storage,  but  it  was  impossible  to  determine  how  much 
color  was  removed  by  storage  and  how  much  was  due  to  dilution. 
It  would  seem  from  the  diagram  that  the  reservoirs  having  the 
largest  watersheds  were  the  ones  which  got  the  greatest  decolori- 
zation. While  we  know  that  there  is  a  decolorization  due  to  the 
sunlight,  that  action  cannot  go  very  deep  beneath  the  surface. 
The  action  must  be  pretty  closely  confined  to  the  first  few  feet 
of  water.  It  has  always  seemed  to  me  that  the  decolorization 
in  large  reservoirs  was  to  a  large  extent  due  to  rainfall  and  to  the 
flow  of  water  coming  in  from  underground  from  perhaps  other 
directions  as  well  as  from  the  stream  itself,  and  also  to  the  fact 
that  owing  to  sudden  variations  we  are  unable  to  gage  at  all  ac- 
curately the  actual  color  going  in.  The  final  portion  of  a  stream 
would  give  you  practically  a  decolorized  water.  So  I  should  saj^ 
from  the  observations  taken  years  ago  that  the  greatest  decolori- 
zation was  due  to  dilution  by  rainfall  and  subsurface  flow,  though 
there  is  undoubtedly  a  decolorization  due  to  sunlight.  Just  what 
percentage  that  is  it  is  impossible  to  tell. 

Mr.  Stearns.  Do  I  understand  that  that  dilution  is  due  to 
the  rainfall  that  falls  directly  on  the  reservoir? 

Mr.  Jackson.     No,  on  the  watershed. 

Mr.  Stearns.  The  rain  that  falls  on  the  watershed  is  what 
brings  all  the  color  into  the  reservoir.  Otherwise  it  would  be 
decolorized  as  the  large  natural  lakes  are,  like  Lake  Winnepe- 
saukee  and  others. 

Mr.  Jackson.  The  greatest  part  of  the  color  which  comes 
into  a  reservoir  is  due  to  the  sudden  flushing  of  some  swamp  area 
))ordering  on  or  at  the  headwaters  of  a  stream.  At  the  beginning 
of  the  flood  flow  the  color  is  suddenly  very  high  and  is  then  gradu- 
ally reduced  until  the  dry  weather  flow  is  reached,  which  is  fairly 
low  in  color.  Unless  samples  and  gagings  were  taken  several 
times  a  day  throughout  the  entire  period  of  observation,  no  ac- 
curate measure  of  the  color  entering  the  reservoir  can  be  observed. 
In  most  reservoirs  there  is  also  a  constant  dry-weather  flow,  enter- 
ing the  reservoir  from  below  the  surface,  which  is  practically  color- 
less, having  passed  through  sand  whicli  has  removed  tlie  color. 
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In  other  words,  it  is  a  very  difficult  matter  to  gage  how  much 
decolorization  has  actually  been  brought  about  by  storage  in  the 
sunlight. 

The  stripping  of-  small  reservoirs  for  the  purpose  of  removing 
organic  matter  is  undoubtedly  practical,  but  large  reservoirs  can 
be  as  a  rule  handled  more  economically  by  filling  and  flushing 
several  times  as  we  did  in  the  case  of  the  New  Croton  Lake.  After 
the  third  flushing,  the  organic  matter  had  been  removed  and  the 
greater  part  of  the  submerged  area  was  found  to  be  clean  sand  or 
clay. 

Mr.  R..  S.  Weston*  (by  letter).  There  is  a  force  other  than 
bleaching  and  oxidation  which  explains  why  certain  waters  de- 
colorize, namely,  coagulation. 

Much  of  the  coloring  matter  in  water  is  in  colloidal  suspension, 
the  particles  being  so  fine  that  they  are  not  influenced  by  gravity. 
They  are  prevented  from  coalescing  or  agglomerating  by  electrical 
or  mechanical  forces,  which  need  not  be  described.  When  these 
forces  are  overcome  by  agitation,  contact,  light,  loss  of  gases,  etc., 
the  fine  particles  gather  into  groups  which  are  large  enough  to 
precipitate.  The  highly  colored  Dismal  Swamp  water  (color 
500  to  1  000  or  more)  used  to  be  esteemed  highly  for  the  supply 
of  seagoing  vessels.  After  storage  in  the  waterbutts,  on  board 
ship,  in  the  dark  and  constantly  agitated,  it  "  works,"  as  the  old 
sea  captains  say,  and  becomes  remarkably  clear  and  palatable. 
This  "  working  "  process  is  the  sudden  precipitation  of  the  col- 
loidal color.  The  color  is  not  oxidized  when  precipitated,  but 
may  become  so  later. 

The  precipitated  colloidal  matter  or  ooze  must  collect  on  a 
reservoir  bottom,  and  therefore  the  character  of  the  water  in  a 
stripped  reservoir  at  least  must  be  influenced  to  a  great  degree 
by  it,  and  if  the  rate  of  accumulation  be  greater  than  the  rate 
of  oxidation  or  consumption  by  organisms,  the  ooze,  not  the  bot- 
tom, will  ultimately  determine  the  character  of  the  water  even 
in  an  unstripped  resei'voir.  It  seems  reasonable  that  the  storage 
of  clear  waters  in  dirty  reservoirs  would  impair  the  quality  of  a 
water  permanently,  and  no  amount  of  stripping  would  prevent 
the  growth  of  organisms  in  a  water  containing  abundant  food 
material. 

*  Consulting  Sanitary  Engineer,  Boston,  Mass. 
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It  is  to  be  regretted  that  there  are  so  few  data  for  unstripped 
reservoirs.  While  it  is  true  that  the  stripped  reservoirs  of  Massa- 
chusetts supply  waters  of  the  best  appearance  obtainable  by- 
impounding,  it  is  also  true  that  the  educated  public  prefers  a  water 
having  a  color  of  less  than  10  p. p.m.  and  no  disagreeable  odor  or 
taste  at  any  time.  In  most  cases  this  result  cannot  be  obtained 
profitably  by  storage  alone,  and,  if  other  methods  of  purification 
are  required,  it  is  doubtful  if  the  expense  of  stripping  is  warranted. 

Mr.  Stearns's  paper  is  timely  and  interesting.  It  adds  to  our 
scanty  data  on  this  important  problem,  all  of  the  factors  of  which, 
in  the  writer's  opinion,  are  not  yet  known,  or  if  known  are  not 
recognized. 

Mr.  E.  E.  Lochridge*  {by  letter).  The  whole  question  of  the 
decolorization  of  water  by  storage  is  one  of  a  great  deal  of  interest 
with  all  water-works  men,  and  especia  ly  when  new  storage  is 
contemplated,  as  a  desirable  appearing  water  is  being  demanded 
more  and  more.  Iron  undoubtedly  plays  a  part  as  a  coloring 
agent  in  a  reservoir  water,  but  its  state  is  much  more  complicated 
than  that  of  a  ferrous  or  a  ferric  salt.  Not  only  do  iron  compounds 
add  to  the  color  of  the  water,  but  iron  salts  undoubtedly  act  as 
coagulants  with  consequent  color  reduction  under  some  conditions. 
It  seems  entirely  probable  that  the  iron  content  of  a  reservoir  is  in 
the  form  of  some  organic  compound  and  not  in  a  ferrous  or  ferric 
salt  to  any  appreciable  extent.  Only  a  portion  of  the  iron  in 
many  reservoir  waters  will  be  removed  by  oxidation,  coagulation, 
filtration,  or  by  a  thorough  aeration,  or  by  a  combination  of  these 
factors.  It  is  entirely  probable  that  a  scientific  stud}^  of  the 
soluble  iron  compounds  of  surface  water  will  reveal  much,  both 
as  to  the  nature  of  water,  but  also  the  rate  and  method  of  de- 
colorization of  such  waters. 

It  does  not  seem  to  me  that  the  illustrations  given  by  Mr. 
Stearns,  of  stripped  and  unstrif)i)cd  reservoirs,  are  sufficiently 
comparable  for  drawing  conclusions  as  to  the  decolorization  in 
the  two  types  of  reservoirs.  Reservoirs  for  comparison  should  be 
of  given  capacity,  about  the  same  length  of  storage,  and  they 
should  also  be  comparable  as  to  depth,  location,  and  quality  of 
water  received  into  them.  The  elevation  above  sea  level  and 
their  usual  seasonable  temperature  ranges,  as  well  as  the  amount 

*  Chief  Engineer,  Springfield  Water  Department. 
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which  they  are  depleted  during  the  season,  has  also  a  great  deal 
to  do  with  the  amount  of  decolorization.  A  question  of  growths 
in  the  water  and  consequent  change  of  organic  content  must  also 
be  a  considerable  factor.  The  Borden  Brook  reservoir,  listed  as 
No.  10  in  the  table,  was  stripped  to  a  depth  of  15  ft.,  and  especial 
attention  paid  to  the  cleaning  of  the  remaining  section. 

Believing  that  as  good  a  representative  of  an  unstripped  reser- 
voir as  could  be  obtained  would  be  the  Ludlow  reservoir,  which 
has  been  notorious  for  its  objectionable  growths  and  tastes  for  a 
great  many  years,  I  have  made  a  careful  study  of  the  flows,  deple- 
tions, and  colors  of  this  reservoir  over  a  number  of  years.  By  its 
peculiar  method  of  use  by  which  the  water  was  by-passed  to  the 
city  at  certain  times,  I  find  it  is  impossible  to  get  records  in  a 
number  of  years.  During  1906,  however,  the  city  began  the 
filtration  of  this  water,  and  its  use  became  normal  during  the  last 
three  years  of  its  use  by  Springfield.  The  figures  for  1906,  1907, 
and  1908  are  given. 


Year. 

Average  Influent 
Color. 

Color  at 
Outlet. 

Per  Cent 
Removal, 

1906 

49 

28 

43.0 

1907 

46 

27 

41.5 

1908 

47 

27 

42.5 

The  storage  capacity  of  the  Ludlow  reservoir  is  1  855  million, 
gallons,  or  a  per  square  mile  development  of  92.5  million  gallons, 
average  depth  8  ft.  The  bottom  is  thoroughly  mucky.  As  the 
outlet  colors  are  comparable  in  other  years  with  the  outgoing 
colors  of  these  years,  it  is  entirely  probable  that  the  percentage 
reductions  are  substantial  to  same  as  in  other  years.  The  inlet 
colors  are  used  in  conjunction  with  the  proportional  flow  for  that 
month.  This  reservoir  was  put  in  service  in  1875  and  the  water- 
shed tributary  was  doubled  fifteen  years  later.  The  per  cent, 
color  removal  in  these  years  of  42.3  would  compare  favorably 
with  the  average  of  44.3  in  the  nine  stripped  reservoirs  listed. 
Analyses  at  the  filters  during  these  years  indicated  an  iron  content 
in  the  reservoir  which  at  times  exceeded  one  part  per  million, 
while  the  filter  effluent  contained  at  least  one  half  of  this  amount 
even  after  double  aeration.  Dissolved  oxygen  was  always  present, 
and  in  the  effluent  frequently  approached  saturation. 
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THE  WATER  SUPPLY  OF  SALEM  AND  BEVERLY. 

BY  FRANCIS  F.  LONGLEY,  C.E.,  NEW  YORK, 

[Read  September  7,  1915.] 

The  cities  of  Salem  and  Beverly  have  for  many  years  past  taken 
their  water  supply  from  Wenham  Lake,  which  lies  in  the  towns 
of  Beverly  and  Wenham.  This  use  dates  back  to  the  year  1864, 
when  the  legislature  granted  to  the  city  of  Salem  the  right  to  use 
the  water  of  Wenham  Pond,  with  a  provision  that  the  pipes  supply- 
ing Salem  should  be  carried  by  some  convenient  route  through 
the  town  of  Beverly,  and  that  Beverly  should  be  entitled  to  the 
reasonable  use  of  the  water  upon  pajdng  an  equitable  compensa- 
tion therefor.  The  first  actual  use  of  the  water  in  Salem  was  in 
1868,  and  in  1869  Beverly  began  making  use  of  the  water  through 
the  setting  of  certain  hydrants. 

For  a  number  of  years  both  cities  thus  drew  water  from  the 
same  mains.  The  provision  for  Beverly's  compensation  to  Salem 
for  the  water  used  was  not  definite  enough  to  be  satisfactory  to 
the  town  people  of  Beverl}^,  and  after  some  years  of  effort  to 
adjust  this  satisfactorih^,  during  which  tune  there  were  some 
complaints  of  insufficient  supply  and  lack  of  pressure,  the  select- 
men of  Beverly  were  authorized  to  petition  -the  legislature  for 
authority  to  take  a  separate  supply  from  Wenham  Lake  for  the 
town  of  Beverly. 

As  a  final  result  of  this  action  of  the  town  of  Beverly,  an  act  of 
the  legislature  was  passed  in  1885  granting  the  town  the  necessary 
authority  to  build  independent  works,  and  construction  work  was 
commenced  in  1886.  In  September,  1887,  the  town  of  Beverly 
stopped  drawing  water  from  the  Salem  pipes  and  commenced  the 
use  of  this  new  system. 

From  that  time  to  the  present,  the  two  cities  have  drawn  their 
supplies  independently  from  Wenham  Lake,  with  independent 
mains,  service  reservoirs,  and  pumping  stations. 

The  draft  of  water  bv  two  cities  from  one  rathoi-  limited  source 
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suggests  the  desirability  of  joint  action  in  matters  pertaining  to 
these  supplies.  They  have,  in  general,  been  administered  sepa- 
rately since  1887,  but  as  the  consumption  of  the  two  cities  has 
increased  and  approached  the  limiting  capacity  of  the  source,  the 
cities  have  acted  in  conjunction  in  securing  certain  additions  to 
this  capacity. 

The  drainage  area  of  Wenham  Lake  is  about  2  250  acres, 
including  about  250  acres  of  water  surface.  The  storage  in  the 
lake,  to  a  depth  of  14  ft.,  which  is  about  the  limit  of  draft  with 
present  equipment,  is  about  900  million  gallons,  and  this  could 
be  increased  to  about  1  200  million  gallons  by  drawing  the  lake 
down  20  ft. 

In  the  early  nineties  the  probability  of  a  shortage  of  water  was 
so  great  that  the  cities  were  forced  into  action.  In  1895  a  dam 
was  built  on  Miles  River  forming  what  is  called  the  Longham 
Pond.  The  crest  of  the  dam  is  at  an  elevation  5  ft.  above  the 
high-water  line  in  Wenham  Lake,  and  a  36-in.  cast-iron  pipe  line 
conveys  the  water  by  gravity  from  this  auxiliary  collecting  basin 
into  Wenham  Lake.  After  this  was  done,  the  total  area  draining 
into  Wenham  Lake  was  about  4  350  acres,  including  about  305 
acres  of  water  surface.  Some  years  thereafter  there  was  a 
period  of  deficient  rainfall,  during  which  the  water  in  Wenham 
Lake  dropped  to  a  dangerously  low  level,  and  the  cities,  therefore, 
made  provision  to  pump  water  into  Wenham  Lake  at  time  of 
heavy  flow  from  a  brook  flowing  from  Norwood's  Pond,  supple- 
menting the  supply  by  the  partial  flow  from  about  1.3  sq.  miles. 
It  is  estimated  that  the  yield  in  the  average  year  is  now  about 
6.5  million  gallons  and  in  a  dry  year  only  about  4.7  million  gallons 
a  day. 

In  the  year  1914,  the  average  daily  draft  from  Wenham  Lake 
was  over  six  million  gallons.  It  can  readily  be  seen,  therefore, 
that  the  present  situation  is  a  menace  to  both  cities.  For  some 
years  past  they  have  clearly  foreseen  the  necessity  of  procuring 
an  increased  water  supply,  and  the  following  steps  were  taken 
with  this  end  in  view. 

In  1910  a  report  on  this  subject  was  rendered  to  the  cities  of 
Salem  and  Beverly  by  Mr.  Wilham  S.  Johnson.  In  1911  the 
State  Board  of  Health  was  directed  to  investigate  the  matter  of 
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water  supplies  for  these  and  other  cities  and  towns,  and  a  report 
was  rendered  in  1912.  In  the  same  year  other  reports  were  made 
by  Mr.  Johnson  and  Mr.  George  A.  Kimball. 

In  this  year  of  1912,  the  prospect  of  a  shortage  of  water  had 
become  so  threatening  that  the  appointment  of  a  special  commis- 
sion was  authorized  by  the  legislature  to  consider  the  entire 
question  in  a  comprehensive  way,  the  purpose  being  apparently 
to  fix  a  basis  for  the  policy  of  the  entire  district  in  regard  to  water 
supply  for  the  future.  A  report  was  rendered  by  this  commission 
early  in  1913,  accompanied  by  reports  from  Allen  Hazen,  con- 
sulting engineer,  and  Guy  C.  Emerson,  engineer  to  the  commis- 
sion. The  substance  of  their  conclusions,  so  far  as  they  relate 
to  the  cities  of  Salem  and  Beverly,  was  that  those  two  cities  could 
most  wisely  supplement  their  present  suppl}^  by  pumping  at  time 
of  flood  flow  from  the  Ipswich  River  into  Wenham  Lake. 

Following  the  report  of  this  special  commission  in  1913,  the 
legislature  passed  an  act  creating  the  Salem-Beverly  Water 
Supply  Board,  consisting  of  three  members,  two  of  whom  were  to 
be  the  heads  of  the  departments  of  public  works  of  the  two  cities 
and  the  third  a  non-resident  of  either  of  said  cities,  who  was  to  be 
appointed  by  the  governor.  Under  this  act  the  board  has  pro- 
ceeded with  the  carrying  out  of  the  work  to  date.  The  general 
purpose  of  the  act  was  to  authorize  the  securing  of  an  additional 
water  supply  for  the  cities  of  Salem  and  Beverly  by  taking  water, 
under  stated  restrictions  as  to  time,  quantity,  and  minimum  flow 
in  the  river,  from  the  Ipswich  River  at  a  specified  point  in  the 
town  of  Topsfield,  to  Wenham  Lake;  to  authorize  the  purifica- 
tion of  the  entire  supply  of  the  two  cities  when  required,  and  to 
authorize  if  and  when  required  the  construction  of  storage  reser- 
voirs in  order  to  increase  the  quantity  of  water  which  might  be 
taken  from  the  river  under  the  conditions  stated  in  the  act. 

The  restrictions  above  mentioned  are  as  follows:  The  total 
amount  of  water  taken  from  the  Ipswich  River  in  any  one  year 
shall  not  exceed  2  500  million  gallons.  Water  may  be  taken  only 
between  December  1  and  June  1.  Water  may  be  taken  only 
when  the  flow  in  the  river  is  20  million  gallons  a  day  or  greater. 

It  was  left  entirely  to  the  board,  subject  to  the  approval  of  the 
State  Board  of  Health,  to  determine  the  details  of  the  project. 
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The  board  had  for  its  guidance  the  reports  previously  submitted, 
but  the  data  upon  which  these  reports  were  based  were  not  com- 
plete enough  for  the  board  to  determine  the  best  and  most  economi- 
cal scheme  for  providing  the  additional  supply. 

The  board  thereupon  retained  the  services  of  Hazen  &  Whipple 
to  investigate  the  various  phases  of  the  problem,  which  included 
principally  the  questions  of  diversion,  of  storage,  and  of  filtration. 
A  comprehensive  topographical  survey  was  at  once  begun.  This 
survey  covered  about  9  000  acres,  largely  in  swamp.  The  work 
was  done  in  the  winter,,  while  the  swamp  was  frozen.  The  survej^ 
yielded  information  which  enabled  us  to  set  forth  several  different 
plans  for  storage  in  the  river  valley  itself,  and  other  prospective 
storage  sites  near  at  hand,  and  several  different  methods  and 
routes  for  bringing  water  from  the  river  to  the  lake,  the  best  one 
of  which  resulted  in  a  large  reduction  from  the  estimates  that  had 
been  made  for  the  probable  cost  of  the  additional  supply. 

Some  years  ago  the  suggestion  was  actively  considered  of  in- 
cluding the  city  of  Salem  in  the  Metropolitan  Water  Supply 
system.  If  this  had  been  carried  through,  some  arrangement 
would  probably  have  been  arrived  at  between  the  cities  of  Salem 
and  Beverly  which  would  have  given  Beverly  the  rights  now  owned 
by  Salem  in  the  water  of  Wenham  Lake  and  would  have  made 
unnecessary  any  diversion  for  either  of  these  cities  at  present  from 
the  Ipswich  River.  This  proposal  was,  however,  rejected  by  the 
legislature  of  1913  in  favor  of  the  plan  for  diversion  from  the 
Ipswich  River,  after  an  investigation  and  report  by  a  special 
commission. 

The  entire  question  of  storage  of  water  in  connection  with  the 
increase  of  the  supply  was  considered  at  length.  The  surveys 
made  covered  all  the  favorable  storage  areas  in  and  near  the  lower 
part  of  the  Ipswich  valley.  Preliminary  plans  and  estimates 
were  made  and  reports  prepared  upon  this  whole  question.  From 
all  the  conditions,  however,  it  is  obvious  that  the  larger  storage 
projects  are  for  the  rather  distant  future;  and  the  smaller  ones, 
while  they  may  be  needed  l^efore  many  years,  are  not  imperative 
at  once. 

Emphatic  attention  may  also  properly  be  called  to  the  fact 
that,  if  some  of  the  restrictive  conditions  in  the  act  governing  the 
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taking  of  water  could  be  modified,  the  addition  of  further  storage 
to  the  system  could  be  postponed  for  many  years.  None  of  the 
restrictions  are  based  upon  reasonable  data,  but  seem  to  have 
been  fixed  rather  arbitrarily  upon  the  representations  of  persons 
whose  interests  did  not  lie  principall}^  on  the  side  of  public  oppor- 
tunity. 

Efforts  will  undoubtedly  be  made  in  the  future  to  secure  a 
reasonable  modification  of  some  if  not  all  of  these  restrictions,  in 
order  to  take  advantage  of  large  flows  that  occur  from  time  to 
time  throughout  the  year,  but  that  will  continue  to  run  unneces- 
sarilj'  to  waste  so  long  as  the  act  with  its  present  wording  remains 
in  force. 

The  act  of  1913  specified  the  point  of  diversion  from  the  river 
to  be  in  the  town  of  Topsfield  not  more  than  3  000  ft.  easterly 
of  the  Newburyport  turnpike.  The  records  do  not  show  clearly 
how  this  limit  was  fixed.  It  is  supposed  that  it  was  fixed  thus 
with  the  intention  of  placing  the  intake  above  the  brook  which 
runs  down  through  the  town  of  Topsfield.  If  this  supposition  is 
correct,  some  error  was  made,  because  the  polluted  brook  just 
mentioned  runs  into  the  Ipswich  River  several  hundred  feet  above 
the  point  of  intake  authorized  in  the  act.  Since  the  extension 
of  the  intake  up  the  river  was  very  expensive,  and  entirely  unneces- 
sary from  the  point  of  view  of  the  hydraulics  of  the  system,  and 
since,  moreover,  there  did  not  seem  to  be  any  practical  advantage 
or  any  greater  assurance  of  a  satisfactory  supply  by  carrying  the 
intake  above  the  outlet  of  Topsfield  Brook,  the  exact  point  of 
diversion  became  a  matter  of  prime  importance. 

An  appeal  was,  therefore,  made  to  the  legislature  of  1914  for 
authority  to  divert  the  water  at  a  point  much  further  downstream 
than  stated  in  the  act  of  1913,  but  although  this  measure  was  well 
supported  l)y  the  representatives  of  the  two  cities,  Salem  and 
Beverly,  before  the  Legislative  Water  Supply  Committee,  the 
act  was  not  passed,  due,  presumably,  to  the  opposition  of  inter- 
ested parties  in  the  towns  of  Wenham  and  Topsfield.  Later  on, 
in  1915,  after  the  plans  had  already  been  prepared  for  carrying 
out  the  greater  part  of  the  project  in  accordance  with  tlie  act  of 
1913,  the  legislature  was  again  petitioned  for  authority  to  locate 
the  intake  some  distance  below  the  point  specified  in  the  act  of 
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1913.  This  petition  was  successful  and  a  bill  was  passed  amending 
that  portion  of  the  old  act.  The  plans  had  been  prepared  with  a 
view  to  anticipating  this  amendment,  but  could  have  been  very 
easily  modified  to  provide  for  carrying  the  intake  upstream  in  case 
the  amendment  had  not  been  secured. 

The  principal  condition  specified  in  the  amending  act  was  that 
the  Salem  and  Beverly  Water  Supply  Board  should  assume  all 
the  expense  of  changes  or  improvements  that  might  be  deemed 
necessary  within  the  watershed  of  the  Topsfield  Brook,  in  order  to 
properly  protect  from  pollution  the  supplementary  supply  thus 
drawn  for  those  cities.  In  compliance  with  this  provision,  reme- 
dies are  now  being  applied  for  a  number  of  nuisances  and  points 
of  pollution  in  this  region. 

The  plans  for  the  works  for  the  diversion  of  the  water  for  in- 
creasing the  water  supplies  of  Salem  and  Beverly  were  prepared 
by  us  in  the  fall  of  1914.  The  primary  requirement  in  this  design 
was  to  provide  means  of  getting  large  amounts  of  water  in  a 
short  time  from  the  Ipswich  River  into  Wenham  Lake  within  the 
restricted  period,  and  when  the  river  was  in  flood,  in  order  that 
the  maximum  benefit  might  be  secured  every  year  of  all  the  storage 
capacity  of  Wenham  Lake. 

The  problem  of  getting  this  auxihary  supply  from  the  Ipswich 
River  to  Wenham  Lake  presented  some  interesting  possibilities. 
All  the  projects  heretofore  proposed  had  been  based  on  pumping 
from  the  river  through  long  Unes  of  pipe.  Most  of  these  projects 
had  not  assumed  the  rigid  restrictions  as  to  time,  quantity,  and 
river  flow  which  were  required  by  the  act  of  1913.  These  re- 
strictions necessitated  a  design  which  would  permit  the  delivery 
of  a  large  quantity  of  water  in  a  short  time  from  the  river  into  the 
lake.  Long  pipe  lines  of  large  capacity  cost  a  great  deal,  and  we 
naturally  tried  to  find  some  means  of  avoiding  this.  A  swamp  of 
large  extent  lies  between  the  river  and  the  lake.  This  swamp  is 
so  flat  as  to  give  the  impression  of  being  dead  level.  It  actually 
slopes  several  feet  in  its  width,  but  the  general  flatness  thereof 
suggested  the  feasibility  of  a  canal  as  a  cheap  means  of  conveying 
a  large  quantity  of  water  some  two  miles  from  the  river  to  the 
edge  of  the  swamp  nearest  Wenham  Lake.  This  possibility  was 
considered  at  various  angles  in  comparison  with  several  pipe  line 
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projects,  and  the  plans  as  generally  outlined  below  were  finally 
adopted. 

The  plans  provide  for  taking  the  water  from  the  Ipswich  River 
just  below  the  bridge  of  the  Newbury  port  branch  of  the  Boston 
&  Maine  Railroad,  a  short  distance  south  of  the  village  of  Tops- 
field.  From  that  point  the  canal  extends  in  a  southeasterly 
direction  across  the  swamp  a  distance  of  about  10  000  ft.  This 
canal  is  to  have  a  bottom  width  of  20  ft.  at  an  elevation  estimated 
at  4  ft.  below  extreme  low  water  in  the  river.  The  material 
through  which  the  canal  is  dug  is  swamp  muck  underlaid  by  very 
fine  sand.  The  material  as  removed  from  the  canal  is  to  be  placed 
about  equally  on  the  two  banks,  leaving  a  berm  of  10  ft.  The 
banks  are  to  be  left  approximately  flat  on  top,  in  order  that  a 
road  may  be  built  later  if  desired  at  a  minimum  of  cost.  The 
average  depth  of  cut  for  this  canal  is  about  9  ft.,  and  the  maximum 
about  13. 

The  specifications  provide  that  the  dredge  used  for  this  work  is, 
at  the  completion  of  the  work,  to  become  the  property  of  the 
Salem-Beverly  Water  Supply  Board,  which  will  thus  enable  them 
to  maintain  the  canal  in  good  condition  from  year  to  year. 

The  accompanying  picture  shows  the  dredge  at  work  and  shows 
to  some  extent  the  nature  of  the  material.  Much  of  the  area  was 
at  first  covered  with  trees  and  underbrush,  which  were  largely 
cleared  off  along  the  line  of  the  canal  before  dredging  commenced. 
This  work  was  done  in  the  winter  of  1914-15,  while  the  surface 
of  the  swamp  was  frozen.  The  contract  for  the  work  was  let  in 
the  early  spring  of  1915  to  F.  T.  Ley  &  Co.,  of  Springfield,  Mass., 
and  the  work  is  now  well  advanced  towards  completion. 

At  the  southeast  end  of  the  canal  lies  the  pumping  station. 
The  equipment  at  present  is  to  consist  of  one  centrifugal  pump 
with  a  capacity  of  25  million  gallons  per  day,  to  be  driven  by  an 
electric  motor.  The  floor  of  the  suction  well  for  this  pump  ex- 
tends down  slightly  below  the  bottom  level  of  the  canal.  The 
structure,  which  is  of  massive  concrete  reinforced  with  steel,  is 
provided  with  suitable  racks,  screens,  and  stop  logs.  It  is  designed 
for  a  capacity  considerably  greater  than  the  pump  now  installed. 
Provision  is  also  made  in  the  pump-room  for  the  installation  of 
another  pumping  equipment  of  capacity  at  least  equal  to  that  now 
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installed.  The  power  for  operating  the  pump  is  to  be  furnished 
under  an  agreement  with  the  Beverly  Gas  and  Electric  Company. 

From  the  pump  the  water  discharges  through  a  48-in.  Venturi 
meter  into  a  conduit  leading  to  Wenham  Lake.  The  length  of 
this  conduit  is  2  866  ft.  About  1  415  ft.  of  this  lies  practically 
level  on  high  ground,  limiting  the  height  to  which  water  has  to  be 
pumped  from  the  canal;  1  406  ft.  of  the  remainder  lies  on  a  slope 
falling  rather  sharply  to  the  south  from  this  high  ground  into 
Wenham  Lake,  and  the  carrying  capacity  required  was,  of  course, 
obtainable  on  this  steeper  slope  with  a  smaller  size  of  pipe.  This 
part  of  the  conduit  is,  therefore,  only  36  in.  diameter.  The 
48-in.  conduit  and  the  greater  part  of  the  36-in.  are  of  concrete  pipe, 
which  was  made  on  the  ground  by  the  Lock  Joint  Pipe  Company. 
In  the  36-in.  line,  a  portion  of  the  conduit  crosses  a  swampy  area, 
and  some  411  ft.  across  this  swamp  was  of  cast-iron  pipe  laid  on 
pile  bents.  At  the  point  where  the  pipe  discharges  into  Wenham 
Lake  the  bank  is  to  be  protected  to  prevent  washing.  The  lift 
at  the  pumping  station  is  estimated  to  average  about  20  ft.  for  a 
flow  of  25  million  gallons  per  day  and  for  the  average  stage  of  the 
river  that  is  likely  to  obtain  when  pumping  is  permissible. 

The  system  is  simple  in  design  and  should  be  quite  economical 
of  operation.  The  large  capacity  required  by  the  restrictions  of 
the  act  will  enable  Wenham  Lake  to  be  filled  rather  quickly  when 
the  conditions  of  flow  in  the  river  permit.  The  whole  number  of 
days  of  operation  in  a  year  will,  therefore,  be  small  and  a  good 
opportunity  is  presented  to  arrange  for  the  operation  of  the  works 
at  very  low  cost.  The  removal  of  some  of  the  restrictions  placed 
upon  the  diversion  of  water  in  the  act  of  1913  would  enable  the 
present  works  to  serve  without  further  additions  for  supply,  and 
at  very  low  cost  of  operation,  for  many  years  to  come. 

The  cost  of  the  work  is  now  estimated  about  as  follows : 

Clearing  wooded  land,  26  acres .12  800.00 

Dredge 7  000.00 

Canal  excavation,  110  000  cu.  yd.,  at  15c 16  500.00 

Supplementary  canal  excavation,  9  000  cu.  yd.,  at  22c 1  980.00 

General  excavation,  9  500  cu.  yd.,  at  $1.00 9  500.00 

General  excavation,  2  850  cu.  yd.,  at  $1.25 3  562.50 

Concrete,  263  cu.  yd.,  at  $8.50      2  235.50 

Steel  reinforcing,  8  090  lb.,  at  4c 323.60 
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Fig.  1. 
The  Dredge  at  Work. 


Fig.  2. 
The  Canal. 
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4S-in.  concrete  pipe,  1  415  linear  ft.,  at  $5      7  075.00 

36-in.  concrete  pipe,  995  linear  ft.,  at  S2.90 2  885.50 

Laying  cast-iron  pipe  on  piles,  411  linear  ft.,  at  $5.80      2  383.80 

Pumping  station  superstructure 1  805.50 

Paving,  70  sq.  yd.,  at  $1.25 87.50 

Construction  under  roadways 75.00 

Appurtenances      1  500.00 

Venturi  meter  and  steel  pipe 1  478.00 

Cast-iron  pipe  and  specials 3  000.00 

Centrifugal  pump,  electric  motor,  and  primer 4  090.00 

Private  transmission  line 250.00 

Switchboard  and  wiring      1  052.00 

Other  work  and  materials  necessary  to  complete  the  work,  not 

covered  in  above  contracts 4  000.00 

Total $73  583.90 

Land  and  right-of-way 14  400.00 

Engineering  and  contingencies,  about  15  per  cent 11  016.10 

Total  estimated  cost  of  work $99  000.00 


DISCUSSION. 

Mr.  L.  M.  Hastings.*  Mr.  President,  I  would  like  to  ask 
how  much  increased  storage  capacity  you  will  get  by  this 
scheme. 

Mr.  Longley.  You  get  no  increase  in  storage  capacity, 
excepting  as  the  pumping  stations  of  the  two  cities  may  increase 
it  themselves  by  changing  the  suction  arrangements  at  their 
pumping  stations  in  order  to  draw  the  lake  down  to  a  lower  level. 
But  the  diversion  of  water  from  the  Ipswich  River  does  not  afford 
any  increase  in  storage  excepting  that  it  insures  a  full  lake  on  the 
first  of  June  every  year,  which  we  have  not  always  had  before. 

Mr.  Hastings.  Then,  to  put  the  question  in  another  way, 
how  much  difference  is  there  between  a  full  level  and  a  low  level 
of  Wenham  Lake? 

Mr.  Longley.  The  lowest  that  the  lake  has  ever  been  drawn, 
if  I  remember  the  records  correctly,  is  something  like  14  ft.  below 
the  full  lake,  and  that  14  ft.  gives  a  storage  of  about  900  000  000 
gal.     It  has  never  been  as  low  as  14  ft.  at  the  end  of  the  spring 

*  City  Engineer,  Cambridge,  Mass. 
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rainy  season.  I  think  the  lowest  it  has  ever  been  at  that  time  has 
been  something  Hke  6  or  7  ft.,  although  I  have  not  the  exact 
figure  in  mind.  There  will  be  a  benefit  to  that  extent,  and  that, 
of  course,  is  a  very  marked  benefit.  That  insures,  to  a  large  extent, 
against  dry  years. 

Mr.  D,  W.  French.*  I  have  very  much  enjoyed  Mr.  Longley's 
interesting  paper,  as  it  compares  favorably  with  some  of  the 
experiences  the  Hackensack  Water  Company  have  had  during 
the  last  two  or  three  years  in  preparing  several  hundred  acres  of 
heavil}^  timbered  swamp  land  for  a  reservoir  site  and  to  be  exca- 
vated by  means  of  hydraulic  dredging.  About  75  per  cent,  of 
the  acreage  was  timber,  with  some  very  large  trees,  and  we  were 
confronted  with  a  problem  of  how  best  to  get  rid  of  the  stumps. 
Before  starting  the  work  we  visited  the  dredging  work  along  the 
New  York  State  Barge  Canal,  thinking  their  experience  might 
be  helpful,  and  to  some  extent  it  was,  although  their  line  of  survey 
had  evidently  been  made,  avoiding,  just  so  far  as  possible,  troubles 
of  this  character. 

After  experimenting  considerably,  we  resorted  to  the  use  of 
45  per  cent,  dynamite,  which  we  found  to  be  the  most  satisfactory, 
and,  after  blasting,  using  machines  to  pull  the  stumps  and  their 
fragments  into  large  piles,  and  with  the  use  of  some  oil  succeeded 
in  burning  them. 

After  hearing  this  paper  I  was  interested  in  knowing  how  the 
stump  problem  had  been  handled  by  Mr.  Longley,  and  if  his 
method  had  been  any  better  or  more  economical  than  ours. 

After  overcoming  the  stump  problem,  ours  was  a  case  of  dredg- 
ing some  460  acres,  the  elevation  of  which  was  14  ft.  above  mean 
high  tide.  Between  75  and  80  per  cent,  of  this  acreage  has  been 
dredged  to  zero,  so  that  we  now  have  within  this  area,  14  ft.  of 
water. 

Mr.  Longley.  The  removal  of  the  stumpage,  Mr.  French,  is 
a  very  simple  matter.  The  clearing  simply  consisted  in  cutting 
off  the  trees  a  foot  or  so  above  the  level  of  the  swamp,  and  that 
was  done  in  the  winter-time,  when  the  swamp  was  frozen,  which  is 
about  the  only  time  we  can  get  access  to  it.  Then  when  the 
dredge  came  through  it  simply  dug  away  at  the  toe  of  the  bank 

*  Superintendent  Hackensack  Water  Company,  Weehawken,  N.  J. 
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ahead  of  it  and  the  stumps  were  undermined  by  that  process. 
Most  of  the  stumps,  especially  the  small  ones,  came  out  of  them- 
selves. A  number  of  the  big  stumps  have  had  to  be  chopped 
loose  from  the  ramification  of  small  roots,  but  in  no  case  have  they 
given  any  serious  trouble.  We  did  not  have  the  problem  of 
rooting  them  up  in  the  same  way  you  had.  We  dug  out  from 
underneath.  As  far  as  the  disposition  of  the  stumps  from  the 
canal  is  concerned,  they  were  simply  thrown  over  on  the  banks 
and  covered  up  by  the  mud. 

Mr.  James  W.  Blackmer.*  Mr.  President,  one  point  might 
interest  the  convention  in  regard  to  the  cost  of  the  excavation  of 
the  canal.  Will  Mr.  Longley  tell  us  the  figures  that  were  obtained 
for  doing  the  work;  I  refer  to  the  extremely  low  bid  and  the  ex- 
tremely high  bid,  as  we  thought. 

Mr.  Longley.  I  cannot  quote  them  from  memory,  Mr. 
Blackmer.  There  was  a  great  variation  in  the  totals  of  the  rather 
numerous  bids,  and  that  variation  came  largely  in  the  canal 
figures.  The  final  contract  price  was  15  cents  a  cubic  yard  in 
addition  to  the  cost  of  the  dredge  itself,  which  was  a  separate 
item.  The  actual  cost  of  excavation,  not  including  any  rental 
of  the  dredge  from  the  best  information  we  have,  does  not  exceed 
12  cents  a  cubic  yard.  We  haven't  very  complete  information 
on  that,  but  that  is  in  a  general  way  about  what  the  actual  cost 
has  run. 


*  Superintendent  of  Water  Works,  Beverly,  Mass. 
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IMPROVEMENTS    TO    THE    WATER    SUPPLY    OF    THE 
CITY  OF   FALL   RIVER. 

BY    H.    K.    BARROWS,    CONSULTING    ENGINEER,    BOSTON,    MASS. 

[Read  September  0.  1.915.] 

The  water  supply  of  the  city  of  Fall  River  is  obtained  from  the 
North  Watuppa  Pond,  a  large  natural  pond,  about  1  800  acres  in 
area,  located  just  easterly  of  the  city,  with  high-water  mark  at 
elevation  129.5  ft.  above  high  water  in  Mt.  Hope  Bay,  Water  is 
taken  at  the  west  shore  of  the  pond  near  the  foot  of  Bedford  Street 
and  pumped  into  four  large  steel  tanks,  located  at  different  sites 
in  the  city,  but  with  overflows  all  at  elevation  305,  with  a  total 
storage  of  about  five  million  gallons.  Thence  the  city  is  supplied 
through  the  usual  system  of  pipe  mains. 

On  January  3,  1870,  the  mayor  in  his  inaugural  address  called 
the  attention  of  the  City  Council  to  the  importance  of  supplying 
the  city  with  water,  and  as  a  result  of  his  recommendation  a 
committee  was  appointed  to  investigate  and  report  upon  the 
matter.  This  report  made  to  the  City  Council  in  August,  1870, 
included  a  report  by  Prof.  John  H.  Appleton,  of  Brown  Univer- 
sity, who  stated  that  the  water  of  the  North  Watuppa  Pond  was 
eminently  suited  for  purposes  of  water  supply. 

On  November  29,  1870,  the  city  purchased  the  land  which  is 
now  the  pumping  station  site,  on  the  west  shore  of  the  pond,  — 
about  48  acres. 

The  first  Board  of  Water  Commissioners  was  elected  by  the 
City  Council  on  May  8,  1871,  and  during  the  next  two  years  the 
present  main  pumping  station  was  built,  the  pumping  engine 
installed,  and  water  mains  laid  throughout  the  city.  The  plant 
was  put  into  operation  January  5,  1874. 

During  the  first  few  years  the  income  of  the  Water  Department 
was  small,  and  for  many  years  the  city  contributed  annually  to 
the  expense  of  its  operation.  No  direct  appropriation  has 
been  made  by  the  city  to  assist  the  Water  Department  since 
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1897.  For  the  year  1914  the  gross  receipts  were  about  $244  000, 
and  the  Water  Department  is  the  most  important  department  of 
the  eit}'. 

The  immediate  control  of  the  Water  Department  is  in  the  hands 
of  a  board  of  three  water  commissioners,  a  superintendent,  a 
registrar,  and  various  other  subordinate  officials. 

As  the  North  Watuppa  Pond  and  its  drainage  cover  a  large 
area,  it  became  necessary  many  years  ago  to  give  attention  to  the 
pond  and  its  adjacent  shores,  with  a  view  to  maintaining  the 
purity  of  the  water  suppl^^  To  place  this  matter  under  definite 
control,  in  1895  the  Reservoir  Commission  was  established,  which 
includes  the  three  water  commissioners,  the  mayor,  and  the  city 
engineer.  Since  that  time  a  large  portion  of  the  land  bordering 
on  the  shores  of  the  North  Pond  has  been  purchased  by  the  city 
through  the  Reservoir  Connnission,  and  the  improvements  in  the 
water  supply  with  respect  to  its  quality  and  adequacy  now  going 
on  and  projected  are  under  the  immediate  direction  of  this  com- 
mission. 

Action  in  regard  to  the  use  of  the  water  of  the  North  Watuppa 
Pond  by  the  city  of  Fall  River  began  with  the  Water  Act  of  1871 
passed  by  the  legislature,  giving  the  city  the  right  to  take  the 
water  of  North  Watuppa'Pond  for  public  and  domestic  purposes, 
and  under  the  authority  of  this  act  the  city  elected  to  take  1  500  000 
gal.  per  day.  Under  this  act  the  city  was  required  to  furnish  a 
reliable  means  for  measuring  the  amount  of  water  taken,  and  this 
has  been  done  since  that  time,  so  that  accurate  records  of  the 
amount  of  water  used  by  the  city  are  available  subsequent  to  1873. 

As  a  result  of  this  act,  in  1880  the  Reservoir  Company  and  the 
mills  l)rought  suit  against  the  city  for  damages  sustained  by  the 
taking  of  1  500  000  gal.  per  day  from  the  pond,  and  damages  to 
the  extent  of  S70  000  were  awarded. 

In  1886  the  legislature  granted  the  city  the  right  to  draw 
1  500  000  gal.  per  day  in  addition  to  that  previously  authorized, 
and  under  this  act  the  city  was  not  held  liable  to  pay  damages 
sustained  by  any  holder  of  titles  and  privileges.  A  bill  was  filed 
in  the  Supreme  Judicial  Court  by  the  Watuppa  Reservoir  Com- 
pany, claiming  this  act  to  be  unconstitutional,  but  in  the  opinion 
of  Chi(>f  Justice  Alorton  in  the  cele])rated   "  Fall  River  Water 
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Case  "  of  1888  their  bill  was  not  sustained.  In  this  opinion  it  was 
thought  by  the  court  that  "  the  state  had  the  right  to  use  the 
waters  of  the  great  ponds  for  public  purposes  and  to  confer  upon 
cities  and  towns  the  right  to  use  the  waters  without  making  com- 
pensation to  the  littoral  proprietors  or  to  those  owning  land  or 
water  privileges  on  any  stream  from  the  ponds  who  may  be  dam- 
aged by  such  use." 

In  1891,  however,  the  Watuppa  Reservoir  Company  again 
appeared  in  court  with  regard  to  the  legislative  act  of  1886  and 
asked  for  an  injunction  to  operate  against  the  city.  The  court 
reversed  the  previous  opinion,  sustained  the  bill  of  the  Reservoir 
Company,  and  issued  them  an  injunction.  It  was  established  in 
this  latter  action  that  the  plaintiffs  were  successors  in  title  to 
grantees  of  Plymouth  Colony,  to  whom  the  land  under  and  on 
both  sides  of  the  outlet  of  the  pond  and  of  the  Fall  River  (now 
Quequechan)  was  conveyed  on  March  5,  1680,  to  Church,  Gray, 
and  others  for  £1100.  This  grant  was  known  as  the  "  Pocasset 
Grant  "  and  included  all  of  the  South  Pond  and  about  half  of  the 
North  Pond.  Consequently  the  state  could  not  legally  delegate 
to  the  city  the  power  to  draw  off  the  waters  of  the  North  Pond  to 
the  detriment  of  the  Reservoir  Company. 

In  1892  an  agreement  was  entered  into  by  the  city  and  the 
Reservoir  Company  which  has  served  ever  since  that  time  as  the 
basis  for  use  of  water  by  the  city.  Briefly,  it  gives  the  city  the 
opportunity  to  draw  water  from  the  North  Pond  for  purposes  of 
water  supply,  and  only  limits  the  use  of  water  by  the  Reservoir 
Company  and  mills  when  the  water  in  the  South  Pond  has  reached 
a  certain  minimum  level. 

On  December  6,  1897,  the  city  took  by  condenmation  the  entire 
North  Watuppa  Pond,  including  all  the  islands  in  the  pond  and 
the  land  under  the  pond,  for  the  purpose  of  preserving  and  pro- 
tecting the  purity  of  the  water  supply,  without,  however,  increas- 
ing the  amount  of  water  to  be  taken  and  used  by  the  city  except 
in  conformity  with  the  terms  of  the  agreement  in  1892  with  the 
Reservoir  Company. 

Stringent  regulations  in  regard  to  the  protection  of  the  pond 
for  water  supply  purposes  were  made  by  the  State  Board  of  Health 
in  1907  and  have  been  in  force  since  that  time. 
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The  legislative  act  of  1909  authorized  the  city  to  borrow  money 
for  the  construction  of  works  and  protection  of  its  water  supply, 
and  it  is  under  this  act  that  the  construction  of  the  intercepting 
drain  along  the  west  shore  of  the  pond,  to  be  described  later,  is  now 
being  carried  on. 

The  later  legislative  acts  of  1913  and  1914  are  broader  in  their 
scope  and  cover  the  matter  of  improving  both  the  North  and 
South  ponds  and  abating  nuisances  along  the  Quequechan  River. 
Under  these  later  legislative  acts  another  city  commission  known 
as  the  Watuppa  Ponds  and  Quequechan  River  Commission  is 
making  an  exhaustive  study  covering  particularly  the  improve- 
ment of  the  Quequechan  River  and  South  Watuppa  Pond,  and 
under  the  act  are  to  report  to  the  Cit}-  Council  before  October  1, 
1915. 

It  will  be  noted  that  the  city  has  full  power  to  protect  its  water 
supply  from  pollution,  but  that  the  use  of  the  water  in  the  North 
Pond  is  shared  jointly  with  the  Reservoir  Company  in  accordance 
with  the  agreement  of  1892,  which  has  been  in  force  since  that 
date.  This  practically  means  that  the  city  is  entirely  at  the 
mercy  of  the  Reservoir  Company  in  respect  to  the  drawing  down  of 
water  in  the  North  Pond,  so  that  under  present  conditions  storage 
of  water  from  year  to  year  for  purposes  of  assuring  a  sufficient 
water  supply  is  not  possible. 

The  present  pumping  station  has  been  in  use  since  1874.  It 
is  built  of  Fall  River  granite  and  located  on  the  shore  of  the  North 
Pond  at  the  foot  of  Bedford  Street  Hill.  The  original  pumping 
engine  had  a  capacity  of  3  000  000  gal.  per  day;  during  1914  the 
equipment  is  shown  in  Table  1. 

In  the  earlier  days  it  was  intended  to  have  both  low  and  high 
pressure  service;  separate  standpipes  of  small  diameter  were 
accordingly  arranged  at  the  top  of  Bedford  Street  Hill  for  this 
purpose.  In  1886,  however,  this  idea  was  abandoned  and  since 
that  time  the  water  level  in  the  tanks  or  standpipes  is  at  the  same 
elevation  in  all  cases. 

At  present  there  are  two  tanks,  each  holding  about  1  400  000 
gal.,  at  the  top  of  Bedford  Street  Hill,  and  similar  tanks  of  about 
the  same  capacity,  one  at  Townsend  Hill  in  the  southerly  part 
of  the  city  and  another  at  Haskell  Street  in  the  northerly  portion. 
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The  total  capacity  of  these  four  tanks  is  about  5  300  000  gal.  As 
the  city  uses  water  at  the  present  time  at  an  average  rate  of  about 
5  600  000  gal.  per  day,  it  will  be  seen  that  the  storage  capacity 
of  the  tanks  is  very  limited,  being  less  than  an  average  day's  use. 
For  many  years  in  the  reports  of  the  Water  Board  recommenda- 
tions were  made  for  the  construction  of  a  large  storage  reservoir 
on  Bedford  Street  Hill.  The  great  cost  of  this  has  prevented  its 
construction,  and  the  city  finally  adopted  the  policy  of  building 
the  cheaper  steel  tanks  and  providing  a  sufficient  number  of 
pumping  units  for  a  safe  supply. 

The  principal  pipe  mains  of  the  system,  as  will  be  noted  on  the 
accompanying  plan  (Fig.  1),  radiate  from  the  24-in.  and  16-in. 
mains  in  Bedford  Street,  varying  in  size  from  24  to  12  in.  in  the 
principal  streets.  These  mains  are  in  general  laid  out  with  a  view 
to  providing  ample  water  for  fire  protection  purposes  at  the  many 
large  cotton  mills  located  in  and  about  the  city. 


TABLE  2. 
Consumption  of  Water  per  Capita  in  Various  Cities  of  United  States. 

(From  Report  of  Committee  on  Water  Consumption,  New  England  Water 
Works  Association,  March  12,*  1913.) 


City. 

Population. 

Water  Con- 
sumption. Gal- 
Ions  per    Capita 
per  Day. 

Per  Cent.  Metered. 

Saginaw,  Mich 

Peabody,  Mass 

Boston,  Mass 

Milwaukee,  Wis 

Cambridge,  Mass 

Average  35  cities  and  towns 

in  Massachusetts 

Average  17  cities  and  towns 

near  Boston 

Providence,  R.  I 

Lowell,  Mass 

Fall  River 

51510 

15  721 

670  585 

373  857 

104  837 

246  000 

106  294 

119  295 

8  214 

8  202 

11051 

186 
168 
130 
112 
101 

82 

69 
63 
51 
44 
42 
37 
22 

6 

i2.5 

98 

30 

61  (18  to  100  %) 
89 
79 
99 

Middleboro,  Mass 

Marlborough,  Mass 

Bridge  water,  Mass 

65 

*  Journal  N.  E.  W.  W.  A..  XXVII,  29  (1913). 
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The  advisability  of  the  use  of  service  meters  was  early  recog- 
nized in  Fall  River,  and  the  efforts  of  the  Water  Department  to 
reduce  waste  and  misuse  of  water  have  been  such  that  at  the 
present  time  the  per  capita  consumption  is  low.  Practically  all 
services  are  metered  and  the  present  per  capita  consumption  is 
only  about  44  gal.  per  day.  This  is  seen  to  be  very  low  as  com- 
pared with  other  cities,  as  will  be  noted  by  reference  to  Table  2. 

The  Water  Department  has  made  special  effort  to  eliminate 
leakage  and  waste  of  water.  In  1897  this  matter  began  to  receive 
systematic  attention  by  the  department,  and  a  comparison  of  the 
amount  of  water  from  which  revenue  was  received  and  of  that 
unaccounted  for  in  1913  as  regards  similar  data  for  1897  (see  Fig. 
2,  taken  from  1897  and  1913  annual  reports  of  Fall  River  Water 
Department)  will  show  the  progress  made  in  this  direction.  In 
1913  about  60%  of  the  entire  amount  pumped  was.  sold  to  pur- 
chasers, about  12%  was  unaccounted  for,  and  the  remainder  used 
for  public  purposes,  bringing  no  direct  revenue  to  the  Water 
Department.     When  it  is  considered  that  an  amount  of  water 
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unaccounted  for  of  25'yr  is  in  general  regarded  as  satisfactory,  it 
will  be  seen  that  the  efforts  of  the  department  have  been  effective. 

During  the  past  year  an  old  Davidson  pump  at  the  main  pump- 
ing station  has  been  replaced  by  a  high-duty  pump  of  6  000  000 
gal.  per  day  capacity  when  operating  under  70  lb.  pressure.  This 
has  been  built  by  the  Piatt  Iron  Works  Company,  is  of  the  crank 
and  flywheel  type,  horizontal,  cross-compound,  condensing,  du- 
plex, double-acting.  Cylinders  are  21  and  44  in.  diameter  at 
steam  end,  and  15f  in.  at  water  end,  stroke  36  in.,  36  rev.  per  min. 
The  guaranteed  duty  was  140  million  ft.-lb.  per  1  000  lb.  of  steam. 
This  pump  has  only  recently  been  put  in  operation  and  has  not  yet 
been  officially  tested. 

With  the  small  amount  of  storage  available  in  the  four  steel 
tanks,  it  was  realized  that  a  serious  accident  at  the  main  pumping 
station  might  temporarily  cut  off  the  water  supply  to  the  city 
and  result  in  great  damage.  Among  the  improvements  carried 
out  during  the  past  year  has,  therefore,  been  the  construction  of 
an  auxiliary  pumping  station  located  about  700  ft.  northerly 
from  the  main  station  on  the  shore  of  the  pond.  This  consists  of 
a  single  story  (and  basement)  station  of  brick  with  granite  trim- 
mings, about  25  ft.  by  30  ft.,  with  reinforced  concrete  roof  and 
floors.     (Plate  III,  Fig.  1.) 

Water  is  brought  to  the  station  through  a  concrete  intake  ex- 
tending about  70  ft.  into  the  pond  and  terminating  in  a  brick 
intake  house  containing  a  mechanically  operated  revolving  screen. 

The  equipment  installed  at  the  present  time  consists  of  an 
8  000  000-gal.  per  day  motor-operated  single-stage  centrifugal 
pump  made  by  the  Wilson-Snyder  Company.  (Plate  III,  Fig. 
2.)  This  is  operated  by  a  350  h.p.,  1  180  rev.  per  min.,  alternating- 
current,  3-phase,  sixty-cycle,  4  000-volt  motor,  current  to  operate 
this  being  supplied  by  the  Fall  River  Electric  Light  Company,  so 
that  the  motive  power  of  this  station  is  entirely  independent  of 
that  at  the  main  pumping  station. 

The  guaranteed  efficiency  of  this  unit  under  ordinary  running 
conditions  is  75%.  This  equipment  has  recently  been  put  in 
operation,  but  has  not  yet  been  tested. 

To  still  further  make  this  auxiliary  equipment  independent  of 
that  at  the  main  pumping  station,  a  new  36-in.  cast-iron  main  has 
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Fig.  1. 
F.\LL  HivEK  Auxiliary  Pumping  Station  and  Intake. 
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Fall  River  Auxiliary  Pumping  Station. 
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been  laid  between  the  auxiliary  station  and  the  tanks  at  the  top 
of  Bedford  Street  Hill.  This  will  also  be  available  for  use  by  the 
pumps  at  the  main  station.  This  36-in.  pipe  is  also  being  extended 
as  far  as  Eastern  Avenue,  where  at  present  a  24-in.  pipe  leaves  the 
24-in.  main  in  Bedford  Street,  which  leads  directly  to  the  city. 
The  capacit}'  of  the  entire  system  has  thus  been  very  materially 
improved. 

At  the  auxiliary  station,  in  the  discharge  line,  is  installed  a 
hydraulic  gate  so  that  one  attendant  can  have  at  the  switchboard 
immediate  control  of  the  pipe  line  leading  to  the  hill. 

A  motor-operated  valve  is  also  to  be  placed,  controlling  the 
outlet  from  the  two  tanks  at  the  top  of  Bedford  Street  Hill  by 
means  of  remote  control  apparatus  located  at  the  main  pumping 
station.  The  purpose  of  this  remote  control  valve  is  to  provide 
for  immediate  shutting  off  of  water  in  case  of  a  break  in  any  of 
the  pipe  mains  between  the  pumping  stations  and  the  top  of 
Bedford  Street  Hill. 

The  approximate  cost  of  the  improvements  in  equipment  as 
noted  above  (not  yet  fully  completed)  is  as  follows: 

Piatt  high  duty  pump,  including  foundations $20  000 

Auxiliary  pumping  station  and  equipment  (including  remote  con- 
trol valve,  etc.) 32  000 

36-in.  force  main  (about  3  400  linear  ft.,  largely  through  ledge)    .    .  44  000 


$96  000 


The  Reservoir  Commission  has  made  steady  progress  since 
1895  in  securing  land  adjacent  to  the  North  Pond  and  constituting 
its  drainage  area,  and  a  large  proportion  of  this  is  now  owned  by 
the  city.     (Fig.   3.) 

On  the  west  shore  of  the  pond  is  a  large  tract  of  land  to  a  con- 
siderable extent  populated,  and  in  some  portions  thickly  populated, 
which  it  has  been  impracticable  to  obtain  by  purchase,  and, 
acting  under  the  approval  of  the  State  Board  of  Health,  the 
Reservoir  Commission  has,  under  the  act  of  1909,  taken  measures 
to  divert  directly  to  the  South  Pond,  by  means  of  an  intercepting 
conduit  running  close  to  the  west  shore  of  the  Noi1h  Pond,  all  the 
drainage  on  the  west  shore  beginning  with  Terry  Brook,  including 
Highland  and  Cress  brooks  and  land  adjacent  to  the  pond  for  the 
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remainder  of  the  distance  to  Pleasant  Street  near  the  South  Pond. 
It  is  of  interest  to  note  that  in  the  first  pubHshed  report  of  the 
Water  Commissioners,  dated  January,  1875,  they  recommended 
the  purchase  of  a  strip  of  land  along  the  west  shore  of  the  North 
Pond  from  New  Boston  Road  to  the  Narrows  for  the  purpose  of 


Fig.  3. 

building  a  road  and  constructing  an  intercepting  drain  to  prevent 
drainage  from  populated  districts  entering  the  North  Pond.  This 
was  the  first  official  suggestion  in  regard  to  the  construction  of 
this  intercepting  drain,  and  the  contract  for  its  construction  was 
signed  on  January  28,  1915,  almost  exactly  forty  years  from  the 
date  when  it  was  first  suggested. 

The  total  drainage  area  tributary  to  the  intercepting  drain  on 
the  west  shore  of  the  North  Pond  is  2.32  acres.  Nearly  half  of  this 
consists  of  the  drainage  area  of  Highland  Brook.  (Fig.  3.) 
Adjacent  to  the  pond,  in  the  general  vicinity  of  County  Street,  is 
a  httle  over  0.5  sq.  mile  of  area  which  in  its  southerly  portion, 
between  County  and  Pleasant  streets,  is  thickly  populated.     Of 
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the  total  drainage  area  diverted  to  the  South  Pond,  probably 
about  one  third  is  in  a  closely  populated  condition.  The  remain- 
der of  the  drainage  consists  of  grass  and  cultivated  areas.  Within 
the  drainage  are  also  two  large  cemeteries. 

Between  Terry  Brook  and  Highland  Brook,  a  distance  of  about 
1  962  ft.,  the  drain  consists  of  a  24-in.  vitrified  pipe  laid  on  a  slope 
of  0.178  per  100,  beginning  at  a  small  dam  and  headworks  on 
Terry  Brook  at  Meridian  Street.  The  crest  of  this  dam  is  at 
elevation  139.7,  and,  the  area  flowed  at  this  elevation  is  about  eight 
acres.  The  ordinary  flow,  however,  will  be  taken  through  a  gate 
at  such  an  elevation  that  water  can  be  drawn  down  to  about 
elevation  137.4. 

At  Highland  Brook  is  a  low  concrete  dam  and  intake,  the  crest 
of  the  dam  being  at  elevation  139.5.  From  Highland  Brook  at 
Meridian  Street  to  a  point  near  the  former  channel  of  Cress  Brook, 
a  distance  of  about  1  500  ft.,  the  drain  is  of  standard  6-ft.  open 
section,  with  the  exception  of  two  short  stretches  under  Meridian 
Street  and  at  New  Boston  Road,  which  are  of  6-ft.  covered  section. 
This  portion  of  the  drain  is  laid  on  a  slope  of  0.0685  per  100.  The 
24-in.  pipe  from  Terry  Brook  enters  at  the  side  of  the  6-ft.  open 
section  a  short  distance  below  Meridian  Street. 

At  Highland  Brook  "intake  the  ordinary  flow  will  be  taken 
through  a  gate,  the  sill  of  which  is  at  elevation  132.8.  At  the 
elevation  of  the  crest  of  the  spillway  there  will  be  a  flowage  of 
about  43  acres,  and  it  is  planned  in  the  future  operation  of  the 
drain  to  close  this  gate  when  necessary  and  hold  water  for  short 
periods  of  time  in  the  Highland  Brook  basin,  to  prevent  overtaxing 
the  capacity  of  the  portion  of  the  drain  adjacent  to  the  County 
Street  area,  which  has  steep  slopes  and  will  in  time  be  closely 
built  up  and,  therefore,  quick  spilling  in  its  nature. 

It  is  intended  to  divert  Cress  Brook  at  a  point  about  1  000  ft. 
from  the  pond  directly  into  Highland  Brook,  so  that  advantage 
can  be  taken  of  the  pondage  at  Highland  Brook.  This  diverting 
drain  from  Cress  Brook  is  a  30-in.  pipe  laid  on  a  grade  of  0.45  per 
100  and  was  constructed  by  the  Reservoir  Commission  prior  to 
the  time  of  letting  the  contract  for  the  main  drain,  although  the 
actual  diversion  of  the  brook  cannot  take  place  until  the  main 
drain  is  completed. 
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Fall  River  Intercepting  Drain. 
10-ft.  oi)en  section.     Arratigenient  of  forms. 


Fall  River  Intercei'tinc;  Draln. 
10-ft.  open  section  near  Station  72.     Completed  except  t^radin^  ol  hunks. 
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Below  the  old  channel  of  Cress  Brook  the  drain  is  of  standard 
8-ft.  open  section  laid  on  a  slope  of  0.0235  per  100  for  a  distance  of 
about  2  500  ft.  For  the  remainder  of  the  length  (some  8  000  ft.) 
the  drain  is  of  10  ft.  section  and  for  the  greater  part  of  open  section. 
A  short  length  under  Bedford  Street,  and  in  the  vicinity  of  the 
main  pumping  station  is  of  10-ft.  covered  section,  as  is  also  a 
length  of  about  1  800  ft.  in  the  lower  portion  of  the  drain  near  the 
South  Pond  on  Pleasant  Street.  The  greater  portion  of  the  10-ft. 
open  section  is  laid  on  a  grade  of  0.104  per  100,  although  between 
Pleasant  Street  and  the  South  Pond  the  slope  is  considerably 
steeper,  0.28  per  100. 

In  Table  3  are  summarized  data  in  regard  to  size,  slope, 
capacity,  etc.,  of  the  different  sections. 

It  will  be  noted  that  this  intercepting  drain  is  of  reinforced 
concrete  and  consists  largely  of  open  section  work.  This  type 
of  drain  was  decidedly  more  economical  for  a  given  capacity  than 
a  covered  section.  It  also  materially  simplified  the  matter  of  the 
interception  of  all  drainage  from  the  pond  and  provides  a  positive 
cut-off  or  barrier  that  will  effectively  prevent  any  polluted  water 
from  reaching  the  North  Pond. 

The  details  of  the  various  standard  sections  (with  the  exception 
of  the  8-ft.  open  section)  are  shown  on  Fig.  4.  (See  also  Plates 
IV  and  V.)  To  localize  the  effect  of  expansion  due  to  change 
in  temperature,  and  consequently  of  cracks  in  the  concrete,  a 
large  amount,  about  ^  of  1%,  of  steel  reinforcement  is  used  longi- 
tudinally, and  this  is  placed  in  two  rows  of  steel,  one  near  each 
side  of  the  concrete.  The  invert  is  of  arched  form,  although  this 
is  obtained  by  means  of  chords  rather  than  arcs  of  circles,  in  order 
to  simpHfy  the  concrete  work. 

Provision  for  draining  the  side  walls  for  a  distance  of  2  ft.  from 
the  top  of  the  wall  is  made  by  l)roken  stone  filling  for  a  width  of 
8  in.  back  of  the  wall.  On  the  side  away  from  the  pond,  at  inter- 
vals of  25  ft.,  3-in.  tile  pipe  is  set  in  the  walls  24  in.  below  the  top, 
for  drainage  purposes.  On  the  side  next  to  the  pond  no  tile  pipes 
are  placed,  but  at  occasional  intervals  drainage  channels  are  pro- 
vided so  that  water  will  not  accumulate  back  of  the  walls  near 
their  top  and  thus  cause  danger  of  frost  action  and  possible  push- 
ing in  of  the  wall. 
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Km,.  1 

Fall  River  Interceptim;  Drain. 

lO-ft.  oi)pn  soction  near  Station  44.     (200  ft.  radius  curve.) 


Kic.  2. 

Fall  River  Intercei'ti.nc;   Drain. 

lO-fl.  covered  section  near  South  Watuppa  I'ond.      In  |)roces.s  of  construction. 
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Great  care  is  being  taken  in  construction  to  obtain  a  dense  and 
impervious  concrete.  The  specifications  provide  for  mixing  in 
proportions  "to  be  exactly  determined  from  time  to  time  by  the 
engineer,  in  accordance  with  the  relative  coarseness  of  the  aggre- 
gate," —  the  average  relative  proportions  being  from  1  : 2  :  3| 
to  1  :  2^  :  4.  Frequent  sieve  tests  of  sand  and  broken  stone  are 
made  to  help  govern  the  selection  of  the  best  proportions.  Thus 
far  the  prevailing  mixture  for  best  results  has  been  closely  1  :  2  :  4. 

Bids  were  received  on  September  4,  1914,  ranging  in  total 
amount  from  about  $174  000  to  about  $240  000.  Owing  to  the 
condition  of  the  bond  market  last  September  [1914]  it  was  not 
possible  to  sell  bonds  at  par,  and  as  this  was  required  under  the 
legislative  act,  there  was  a  delay  in  awarding  the  contract  until 
January  28,  1915,  when  it  was  awarded  to  the  lowest  bidder,  the 
Hanscom  Construction  Company  of  Boston.  They  began  work  as 
soon  as  practicable  nn  the  spring  and  at  present  are  making  good 
progress,  with  more  than  50%  of  the  construction  completed. 

On  the  easterly  side  of  the  North  Pond  is  a  very  considerable 
area,  portions  of  which  are  quite  closely  populated,  which  must 
be  diverted  directly  to  the  South  Pond  by  an  intercepting  drain. 
This  includes  the  drainage  areas  of  the  North  and  South  Nat 
brooks  and  of  Ralph  Brook.  Recent  analyses  made  of  samples 
of  water  at  different  places  on  these  brooks  indicate  serious  pollu- 
tion and  confirm  the  urgent  necessity  of  this  construction. 

The  general  method  of  diversion  has  already  been  approved  by 
the  State  Department  of  Health,  the  detailed  plans  for  this  work 
are  now  in  process  of  preparation,  and  the  work  will  undoubtedly 
be  conamenced  as  soon  as  practicable. 

The  total  drainage  area  of  the  North  Pond  at  present,  including 
the  area  of  the  pond  itself,  is  about  11.5  sq.  miles.  The  inter- 
cepting drain  on  the  west  shore  of  the  pond  will  divert  directly 
to  the  South  Pond  about  2.3  sq.  miles  of  drainage.  The  Nat  and 
Ralph  Brook  diversion  on  the  east  side  of  the  pond  will  take  about 
0.7  sq.  mile  more.  The  total  area  to  be  diverted  is  thus  about 
3  sq.  miles,  leaving  for  water  supply  purposes  about  8.5  sq.  miles 
of  drainage  area,  of  which  2.8  sq.  miles  is  water  area.  The  capacity 
of  this  8.5  sq.  miles  of  drainage  area  of  water  supply  may  be 
roughly  estimated  in  the  following  manner: 
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For  the  average  year  the  precipitation  is  about  47  in.,  and  from 
measurements  of  the  yield  of  the  pond  made  covering  two  years, 
it  has  been  found  that  about  50%  of  the  precipitation  is  available 
as  yield,  the  remainder  being  used  up  by  evaporation,  the  demands 
of  vegetation,  and  other  losses.     On  this  basis  the  total  amount 
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Fig.  5. 

of  water  available  for  the  average  year  would  be  about  3  460 
million  gallons.  In  a  dry  year  like  1910,  when  the  precipitation 
was  about  34  in.,  probably  not  over  40%  of  the  precipitation  can 
be  utilized,  or  a  total  of  about  2  000  million  gallons.  The  total 
amount  of  water  used  by  the  city  during  1913  was  about  2  050 
million  gallons,  and  this  amount  is  increasing  from  year  to  year, 
as  will  be  noted  by  reference  to  the  accompanying  diagram. 
(Fig.  5.) 

This  approximate  analysis  shows  that  even  at  the  present  time 
storage  of  water  in  the  North  Pond  would  have  to  extend  over 
more  than  one  season  in  order  to  assure  an  adequate  supply  in  a 
very  drj^  year,  after  the  diversion  of  drainage  contemplated  by  the 
improvements  now  being  carried  on. 
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Under  the  present  agreement,  the  Watuppa  Reservoir  Company 
can  draw  water  from  the  North  Pond  without  any  limitation  until 
the  pond  is  at  about  40  in.  below  "  full  pond."  It  is  evident, 
therefore,  that  under  present  conditions  the  North  Pond  cannot 
be  used  by  the  city  in  storing  water  from  year  to  year  for  water- 
supply  purposes,  and  there  is  likely  to  be  a  shortage  of  water  at 
any  time  after  the  diversion  works  are  completed. 

The  additional  problems  b(^fore  the  Reservoir  Coirunission  are, 
therefore,  first,  to  obtain  for  the  city  complete  control  of  the  waters 
of  the  North  Pond,  and,  second,  to  supplement  the  water  supply 
from  some  other  source.  To  assure  an  adequate  water  supply 
these  measures  must  closely  follow  the  diversion  improvements 
now  under  way. 

DISCUSSION. 

Mr.  Frank  L.  Fuller.*  I  would  like  to  ask  what  the  city 
pays  for  the  current  which  they  use  for  the  centrifugal  pump. 

Mr.  Barrows.  The  cost  of  power  for  pumping  is  in  accordance 
with  a  sliding  scale;  the  first  50  000  kilowatt-hours  at  1|  c.  per 
k.w.h.,  the  next  100  000  at  1  c,  the  next  150  000  at  0.9  c.  The 
new  pumping  station  will  be  for  some  time  to  come  used  simply  as 
an  auxiliary  station,  at  such  times  as  the  main  station  is  shut 
down  for  repair  or  in  case  of  emergency,  consequently  the  rate 
]5aid  will  be  nearer  the  upper  portion  of  the  scale. 

Mr.  Percy  R.  Sanders.!  I  would  like  to  ask  how  you  get  the 
figures  for  the  water  accounted  for,  shown  on  Fig.  2.  Is  the 
water  used  by  the  street  sprinkling  carts  and  the  different  city 
departments  measured  by  meter  ? 

Mr.  Barrows.  Certain  of  the  public  uses  of  water  have  to  be 
estimated,  as  meters  arc  not  us(h1  in  all  such  cases.  These  esti- 
mates are,  however,  controlled  from  time  to  time  by  tests  or  by 
the  temporary  installation  of  meters  in  order  to  insure  that  the 
estimates  are  reasonable. 

♦Civil  Engineer,  Boston,   Mass. 

t  Superintendent  of  Water  Works,  Concord,  \.  H. 
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DETAIL   METHODS   USED   IN   THE   FORESTATION   OF 
WATERSHEDS. 

BY    SIDNEY    K.     CLAPP,     ASSISTANT    ENGINEER    OF    THE    BOARD    OF 
WATER   SUPPLY,    NEW   YORK. 

[Read  September  S,  1915.] 

The  ordinary  methods  followed  by  foresters  and  nurserymen 
in  the  propagation  of  small  trees  from  seeds  are  too  well  known  to 
need  any  description.  There  are,  however,  various  experiences 
which  may  be  of  interest  if  explained  in  detail. 

The  gathering  of  seed  is  one  of  the  first  points  to  be  considered. 
A  careful  inspection  of  the  cones  or  seeds  on  the  trees  will  deter- 
mine whether  they  are  in  a  proper  condition  to  be  gathered;  a 
change  from  dark  green  to  l)rown  is  a  good  indication.  A  few 
hours  is  often  sufficient  to  full}'  ripen  the  seeds,  and  a  sudden  gust 
of  wind  will  spread  them  in  every  direction.  A  very  unique  and 
satisfactory  method  of  gathering  conifer  seeds,  has  been  used 
extensively  at  the  Ashokan  Reservoir  of  the  Board  of  Water 
Supply,  City  of  New  York,  where  several  hundred  thousand  trees 
are  grown  annually.  At  just  the  time  when  the  seeds  are  ripe 
and  the  cones  opening,  blankets,  sheets,  and  cloths  are  spread 
on  the  ground  around  the  tree  and  the  tree  violently  shaken; 
there  should  be  no  perceptible  wind  at  the  time.  The  seeds  fall 
on  to  the  cloths  in  a  shower  resembling  a  heavy  snowstorm,  and  a 
considerable  quantitj^  of  perfectly  clean  seed  results  with  little 
effort.  At  other  times  it  is  necessary  to  pick  the  cones  just  before 
they  open,  storing  them  in  burlap  bags  until  they  can  be  spread 
on  proper  racks  to  ripen  9,nd  dry,  when  they  are  threshed  and 
cleaned  or  winnowed. 

After  the  preparation  of  the  seed  beds  with  their  racks  and  the 
planting  of  the  seed,  which  is  described  in  several  books  and 
circulars  on  this  subject  published  by  the  state  and  government 
departments,  the  real  trouble  begins. 

The  seed,  being  oily  and  nutritious,  is  much  sought  after  by 


CLAPP.  65 

mice  and  birds,  which  will  destroy  thousands  in  a  very  short  time; 
even  when  they  are  well  out  of  the  ground,  the  birds  will  pick  off 
the  little  seed  cap,  kiUing  the  tree. 

After  this  experience  with  birds  and  mice  comes  the  scourge 
called  mildew,  and  thousands  of  small  trees  "  damp  off,"  when  it 
is  impossible  to  secure  the  proper  sunlight  to  dry  the  ground 
sufficiently.  Too  much  sunlight  at  such  times  will  cause  the 
small  plants  to  "  wilt  "  and  die,  so  that  a  happy  medium  must  be 
secured.  It  has  been  found  that  dry  road  dust  will  often  prevent 
or  stop  mildew  when  no  other  remedy  is  available. 

Considerable  trouble  is  caused  by  a  thin  covering  of  green  moss 
which  grows  on  the  surface  of  the  ground  and  is  at  times  almost 
imperceptible,  but  apparently  saps  the  vitality  of  the  plants, 
restraining  the  proper  moisture  and  air  from  entering  the  soil. 
Some  seedling  trees,  such  as  the  hemlock,  apparently  are  not 
affected  to  any  extent,  as  this  seems  to  be  their  natural  environ- 
ment. Dry  road  dust  has  been  very  effective  in  the  treatment  of 
this  problem. 

After  the  small  trees  have  passed  through  the  various  over- 
ground scourges,  they  are  often  attacked  from  beneath  the  sur- 
face. You  will  be  surprised  at  visiting  your  seed  beds  some  morn- 
ing to  discover  that  quantities  of  small  trees  have  grown  suddenly 
shorter;  their  little  leaves  lie  fiat  on  the  ground  as  if  the  roots 
had  become  deeply  imbedded.  If  they  are  raised  from  the  ground 
you  will  find  that  there  is  no  stalk  and  the  entire  root  has  disap- 
peared. If  j'^ou  sacrifice  some  of  the  trees  in  the  inmiediate 
vicinity  and  dig  up  the  ground  to  a  depth  of  several  inches  you 
will  invariably  find  either  a  small  white  grub  half  an  inch  long 
and  about  the  thickness  of  the  lead  of  a  lead  pencil,  or  a  full-sized 
white  grub  as  large  as  j'our  finger  and  an  inch  or  two  in  length. 
No  spray  or  solution  has  yet  been  found  which  can  reach  these 
grubs  without  affecting  the  small  trees.  A  method  which  was 
used  to  some  extent  in  exterminating  the  large  grubs  was  to  make 
a  comb  out  of  hatpins  spaced  about  one-half  inch  apart;  thrusting 
these  into  the  ground  over  the  affected  area,  piercing  the  grub  and 
killing  it. 

Even  when  the  small  trees  are  covered  with  burlap  or  evergreen 
boughs  to  prevent  winter-kill,  it  is  necessary  to  watch  them,  as 
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field  mice  will  enter  under  the  coverings  and  cut  away  the  small 
trees,  which  they  use  for  nests,  leaving  only  the  stubs.  Sowing 
wheat  and  other  grains  soaked  in  strychnine  throughout  the  beds 
before  covering  them  is  quite  effective,  but  even  with  all  this  care 
the  mice  will  sometimes  attack  the  trees  and  in  a  few  days  do 
great  damage. 

Winter-kill  is  another  source  of  danger,  and  this  may  occasion- 
ally be  traced  to  the  fact  that  the  seed  used  came  from  a  milder 
climate  producing  trees  which  are  not  hardy  when  grown  in  this 
region;  hence  it  is  unportant  to  be  sure  of  the  character  and 
quality  of  the  seed.  In  one  instance  several  pounds  of  Douglass 
fir  seed  was  ordered,  and  it  was  specifically  stated  that  this  should 
be  "  Colorado  Douglass  fir  seed."  A  stenographer  or  the  pur- 
chasing agent,  in  an  endeavor  to  abbreviate,  changed  the  word 
"  Colorado  "  to  "  Cal.,"  which  was  immediately  accepted  by  the 
seed  agent  to  mean  "  California,"  and  as  such  the  order  was  filled. 
These  California  seeds  were  not  hardy,  and  the  result  was  that 
several  thousand  trees  were  winter-killed. 

Spring  is  the  busy  time  in  the  nursery.  The  two-year-old 
seedlings  are  carefully  lifted,  gathered  in  bunches,  and  their  roots 
immersed  in  a  thick  solution  of  muck,  of  the  consistency  of  soft 
tar.  These  are  then  carried  to  the  men  at  the  transplant  beds. 
At  every  operation  where  a  small  tree  is  successfully  moved  it  is 
necessary  that  the  covering  of  the  root  be  kept  moist,  and  bog 
muck  has  at  all  times  been  a  most  efficient  material. 

Various  methods  have  been  tried  out  in  planting  trees  in  the 
transplant  beds.  Transplant  boards,  racks,  and  other  devices 
were  used  but  finally  discarded.  The  method  employed  is  as 
follows:  A  line  is  stretched  lengthwise  of  the  bed,  which  for  con- 
venience is  made  about  6  ft.  by  50  ft.  A  square-pointed  short- 
handled  shovel,  flattened  on  an  anvil,  is  guided  by  this  line  and 
pushed  deep  into  the  ground  and  swayed  from  side  to  side,  leaving 
a  well-defined  slot  or  groove.  The  planter  follows  immediately 
on  one  knee,  and  with  a  single  operation  drops  the  root  into  the 
soil,  firming  the  ground  about  the  small  tree,  and  advances  three 
or  four  inches,  as  the  case  may  be,  repeating  the  operation.  The 
rows  are  about  eight  inches  apart.  With  a  little  skill  a  man  can 
plant  about  a  thousand  trees  in  an  hour  and  have  every  assurance 
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that  the  roots  are  deeply  imbedded  and  will  not  succumb  to  the 
subsequent  dry-weather  periods.  This  will  also  prevent  in  a 
great  measure  the  heaving  by  the  frost,  which  is  so  fatal  to  trans- 
plant beds  in  this  region. 

From  a  considerable  experience  with  various  kintls  of  seed,  it 
is  found  that  certain  varieties  are  more  hardy  and  better  adapted 
to  the  soil  and  climate  at  hand.  For  this  reason  it  is  well  to  try  a 
great  many  varieties  before  accepting  any  one  or  two  as  a  basis 
for  a  large  planting.  -  The  greatest  part  of  the  seed  on  the  market 
is  of  foreign  origin,  is  not  true  to  name,  and,  when  purchased  by 
competitive  bidding,  may  be  poor  and  not  worth  the  necessary 
trouble  to  grow.  Our  experience  has  been  that  it  is  far  better  to 
collect  native  seed  from  local  sources  than  to  run  the  risk  of  pur- 
chasing seed  that  is  poor  in  quality,  diseased,  or  unsuited  to  the 
climate.  In  one  or  two  cases  seed  was  purchased  which  took  two 
years  to  germinate.  This  is  true  of  some  of  the  junipers,  and  it 
was  remarkable  to  find  not  a  seed  coming  up  the  first  year,  but  a 
fairly  good  stand  the  second  year.  In  another  case  seed  was 
planted  in  the  fall  in  the  natural  way,  but  the  germination  and 
subsequent  growth  was  quite  irregular  and  not  as  satisfactory  as 
when  planted  in  the  spring. 

It  is  often  necessary  to  spray  certain  areas  which  become 
affected  with  the  woolly  aphis,  a  soft  green  worm  or  slug  covered 
with  a  white  exudation  appearing  like  cotton.  There  is  also  a 
pine  worm  which  is  so  nearly  the  color  of  the  small  trees  that  it  is 
hardly  noticeable  until  it  has  done  considerable  damage.  These 
come  in  large  numbers  and  work  rapidly;  they  have  been  destroyed 
with  tobacco  or  oil  emulsions.  The  weevil,  which  destroys  the 
leaders  of  larger  pine  trees,  can  best  be  checked  by  cutting  and 
burning  the  affected  branches  several  times  during  the  season.  To 
combat  the  white  grub,  the  soil,  which  should  be  a  light,  sandy 
loam,  has  been  treated  with  air-slaked  lime  and  old  plaster  from 
buildings,  also  with  salt;  it  has  been  cultivated  several  times  during 
the  year  and  various  cover-crops  tried;  it  has  also  been  thoroughly 
plowed  at  intervals  and  just  before  heavy  frosts,  but  with  all  these 
precautions  there  remain  infested  areas  which  it  seems  impossible 
to  eradicate.  It  is  also  surprising  to  find  that  the  grubs  have  a 
selection  or  choice,  and  that  they  will  attack  certain  varieties  of 
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trees,  passing  by  or  under  other  varieties  for  which  they  do  not 
apparently  have  a  taste.  A  very  interesting  experiment  was 
tried  by  planting  some  of  these  trees,  such  as  the  Colorado  blue 
spruce,. for  which  the  grubs  have  a  particular  liking,  among  trees 
of  the  native  red  pine.  This,  so  far,  has  worked  out  very  success- 
fully, but  it  may  not  be  entirely  successful  as  the  grubs  will  prob- 
ably find  the  spruce  before  long  and  will  then  go  through  the  entire 
row,  doing  great  damage  before  it  is  discovered. 

No  success  has  ever  been  attained  in  fall  transplanting  from 
transplant  beds  to  the  open  fields,  and  this  should  only  be  resorted 
to  in  case  of  necessity.  In  one  case  99  per  cent,  of  20  acres  of 
planting  was  winter-killed. 

The  greater  part  of  the  forestry  work  at  the  Ashokan  Reservoir, 
outside  of  forest  improvement,  has  been  devoted  to  the  raising 
and  planting  of  conifer  trees,  because  they  are  not  as  common  as 
deciduous  trees,  present  a  pleasing  appearance  to  the  landscape, 
and  act  as  a  screen  to  the  ground  at  all  times  of  the  year,  although 
a  considerable  number  of  oaks  and  white  ash  have  been  success- 
fully raised.  Many  of  the  old  wood-lots  which  were  littered  with 
undergrowth,  dead  tops,  and  branches  have  been  improved  and 
thinned  out,  the  better  types  among  the  trees  being  preserved 
for  future  forest  stands. 

(The  discussion  of  this  paper  will  be  found  on  page  74.) 
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COSTS  AND  RESULTS  OBTAINED  IN  REFORESTATION 
OF  THE  CROTON   WATERSHED. 

BY   T.    C.    CULYER,    ASSISTANT     ENGINEER,    DEPARTMENT   OF   WATER 
SUPPLY,    GAS,    AND    ELECTRICITY,    NEW    YORK. 

[Read  September  8,  1015. \ 

Forest-tree  planting  on  the  city's  watershed  is  a  comparatively 
recent  enterprise.  The  first  attempt  in  the  nature  of  elemental 
forest  ation  by  the  Department  of  Water  Supply,  Gas,  and  Elec- 
tricity was  made  in  the  spring  of  1912,  and  was  applied  to  portions 
of  the  extensive  area  of  land  owned  by  the  city,  which  comprises 
a  material  part  of  the  catchment  areas  in  Westchester,  Putnam, 
and  Dutchess  counties,  in  this  state. 

Its  significance,  if  any,  lies  in  the  fact  that  it  was  a  beginning 
where  usually,  as  in  most  enterprises,  it  is  the  first  step  that  counts. 
There  have  been,  however,  other  and  earlier  undertakings  of  this 
nature  hereabouts  and  in  neighboring  states,  where  the  experience 
and  results  have  proved  satisfactory  and  have  seemed  to  encourage 
and  justify  a  continuance  and  decided  enlargement  of  the  work. 
That  of  the  Board  of  Water  Supply  of  this  city  carried  on  over 
territory  under  their  jurisdiction  at  Kensico  and  Ashokan  is 
notable  for  its  extent  and  promising  results.  That  department, 
fortunately,  is  in  command  of  larger  financial  resources  than  the 
Department  of  Water  Supply,  and  has  a  freer  hand  in  using  them 
for  this  laudable  purpose.  The  work  is  being  thoroughly  done, 
to  its  future  advantage  and  for  the  public  benefit. 

Owing  to  the  fact  that  our  planting  operations  cover  a  period 
of  less  than  three  years,  sufficient  time  has  hardly  elapsed  in  which 
to  have  obtained,  by  observation  and  study,  any  substantial  data, 
other  than  that,  in  a  limited  way,  to  be  herein  submitted. 

You  are  probably  familiar  with  what  has  been  accomplished 
in  and  about  the  city  of  Boston,  several  years  ago,  by  the  Metro- 
politan Commission,  over  the  denuded  Blue  Hill  Reservation  in 
particular.     Here  the   purpose   has   been   to  renew   and  restore 
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indigenous  vegetation  to  this  reservation,  covering  a  very  large  area, 
and  upon  which  substantial  trees  and  shrubs  have  been  placed. 
The  development  and  growth  of  this  material  has  made  satisfactory 
progress  in  large  part  over  the  whole  area,  and  the  visible  results 
are  already  suggestive,  to  one  familiar  with  its  former  run-down 
and  unkempt  condition,  of  lively  promise  of  a  renewal  of  the  wood- 
land effect  and  the  wild  verdure  which  in  earlier  days  existed  over 
this  rugged  and  picturesque  country. 

The  titular  watershed  constituting  the  source  of  water  supply 
for  the  city  of  New  York  encloses  a  territory,  partially  extending 
into  the  state  of  Connecticut,  of  362  square  miles  area.  Within 
this,  and  confined  to  the  counties  of  Westchester,  Putnam,  and 
Dutchess,  the  city  has  acquired  and  now  owns  some  twenty-two 
thousand  acres,  wherein  is  contained  numerous  storage  reservoirs, 
lakes  and  ponds,  together  with  existing  streams  and  other  natural 
sources  of  water.  For  the  purpose  of  this  article,  the  land  com- 
prising the  Catskill  domain  is  not  considered.  The  large  quantity 
of  land  in  excess  of  that  occupied  or  required  for  storage  purposes, 
dams,  and  other  structural  features,  affords  ample  means  for 
safeguarding  the  streams  against  pollution  and  other  undesirable 
contingencies,  which  was  the  primary  object  of  its  acquisition. 
The  course  of  this  property  is  long  drawn  out,  comprising  divergent 
localities  which  form  sites  and  protected  areas  for  reservoirs  and 
numerous  streams,  the  natural  eccentricities  of  which  influenced 
the  problem  of  its  original  taking.  You  will  surmise,  therefore, 
that  we  have,  as  in  the  Catskill  and  Blue  Hill  reservations,  con- 
siderable units  of  land  upon  which  to  outline  and  carry  on  any 
formal  forest  renewal  as  a  permanent  feature  of  the  landscape,  or 
for  ultimate  commercial  purposes.  With  this  general  limitation 
in  view,  we  have  planted  in  certain  localities  many  trees  on  ground 
within  and  nearby  the  several  villages  within  the  watershed  and 
about  the  dam  sites  where  conditions  permit,  and  in  long  stretches 
adjacent  to  the  public  roads.  These  trees,  some  of  them  three 
years  old,  are  very  promising  in  their  growth,  reaching  a  height 
of  five  feet  or  more  in  attractive  characteristic  form,  and  unques- 
tionably have  invited  public  attention  and  approval. 

We  have  used  three  and  four  year  old  transplants  consisting 
of  Avhite  and  Scotch  pines  and  spruce,  secured  from  the  State 
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Conservation  Conmiission.  The  cost  of  the  plants  for  the  first 
two  years  averaged  $4.25  per  thousand,  but  this  spring  they  were 
supplied  for  fifty  cents  per  thousand,  the  city,  however,  in  both 
cases  paying  the  express  charges. 

Close  planting  is  generally  recommended  for  reforesting  work, 
the  object  being  to  secure  straight  stems  and  reduction  in  k^not 
wood  growth.  The  plants  are  certain  to  grow  in  open  ground,  on 
the  removal  of  other  surface  vegetation.  In  preparing  for  plant- 
ing, we  removed  the  grass  and  other  growth  for  a  space  of  about 
two  square  feet,  at  the  same  time  the  hole  was  excavated  for 
planting.  Incidentally,  this  served  as  an  additional  safeguard 
against  fire. 

The  work  of  planting  proceeds  as  follows.  The  tree  sites  having 
been  prepared,  two  men,  constituting  a  planting  gang,  go  upon 
the  ground,  one  ready  to  plant,  the  other  carrying  a  number  of 
plants  in  a  pail  in  which  a  sufficient  amount  of  water  is  supplied 
to  keep  the  roots  of  the  plants  moistened,  and  from  which  pail  the 
plant  is  passed  to  the  man  who  is  to  plant  the  tree.  The  cost 
of  this  proceeding  has  been  one  cent  per  tree,  and  it  has  so  far 
proven  reasonably  satisfactory,  since  our  loss  during  the  three 
years'  experience  has  been  within  fifteen  per  cent. 

It  will  happen  that,  within  some  area  with  which  you  nuiy  have 
to  work  upon,  there  will  not  be  available  any  land  of  considerable 
extent  where  you  can  consistently  install  the  more  formal  system 
of  forestation  prescribed  by  the  authorities.  At  the  same  time 
it  ma}^  be  feasible  to  plant  the  same  class  of  trees  irregularly  in 
interrupted  sequence  in  quite  ample  numbers,  reinvesting  the 
denuded  border  of  streams  and  the  enviionment  of  natural  and 
artificial  bodies  of  water  which,  without  primarily  designing  to 
secure  that  object,  will  result  in  imposing  upon  an  extended 
landscape  an  effective  and  attractive  feature  to  the  eye. 

Our  interest,  as  a  people,  in  forestation  has  not  been  general, 
and,  in  comparison  with  its  practice  in  other  countries,  has  been 
only  of  recent  and  fitful  concern,  while  in  many  states  the  sul)ject 
as  a  serious  economical  problem  is  still  dormant.  Our  belated 
reservations  of  vast  tracts  of  land,  still  notable  for  its  natural 
investiture,  have  prevented  the  destruction  of  an  invalual)le 
natural  heritage,  and  these  will  be  added  to  from  time  to  time, 
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as  the  public  becomes  more  intelligent  regarding  their  value  to  the 
nation,  and  approve  of  the  necessary  outlay  for  their  acquisition. 

Concerning  the  cost  of  such  work  as  ordinarily  exploited,  the 
figures  indicate  the  attainment  of  considerable  labor  efficiency,  and 
handling  and  planting  of  from  one  thousand  to  twelve  hundred 
plants  according  to  size  by  a  team  of  two  men  has  been  stated  as 
a  usual  day's  work. 

The  plants  at  first  cost  being  cheap,  it  is  apparently  assumed 
that  comparatively  superficial  work  in  planting  will  nevertheless 
insure  the  growth  of  a  substantial  percentage,  and  therefore  it  is 
not  worth  while  to  deal  interestedly  with  the  individual  plant. 
As  to  the  possibility  of  properly  placing  one  thousand  to  twelve 
hundred  plants  per  day,  by  two  men,  I  "  have  my  doubts."  In 
some  of  these  localities,  where  this  kind  of  enterprise  is  contem- 
plated, there  is  a  decided  handicap  facing  the  plant  at  the  outset 
in  the  meager  supply  of  soil  for  root  covering  and  support.  I 
believe  it  would  pay,  at  a  slight  increase  of  cost  per  thousand,  to 
supply  a  small  additional  quantity  of  good  soil  to  each  plant.  It 
may  be  impossible  to  follow  out  this  plan  at  present,  but  it  is  to 
be  borne  in  mind  that  any  plant  whose  body  structiye  shows 
strength  and  characteristic  development  and  whose  roots  are  full 
and  fibrous,  even  at  the  early  stage  at  which  the  stock  is  supplied, 
if  properly  planted  and  thereafter  given  a  fair  chance,  will  replace 
in  value  a  half  dozen  weakly  or  otherwise  fairly  grown  ones  which 
have  suffered  some  impairing  injury.  This  kind  of  vegetation 
shares  many  elements  in  nature,  in  common  with  human  beings. 
They  need  and  thrive  on  good  food  and  suffer  for  the  want  of  it, 
as  they  do  for  water  or  its. lack. 

However  small  the  plant  may  be,  in  placing  it  permanently  in 
the  ground  the  excavation  should  be  ample  enough  to  allow  a  full 
spread  of  the  roots.  A  small  supply  of  good  soil  conveniently 
handy  to  the  planter  will  enable  him  to  make  his  work  good  at 
little  loss  of  time,  and  these,  as  do  all  plants,  will  in  their  own 
mysterious  way  gratefully  acknowledge  a  generous  "  meal  ticket  " 
in  a  more  vigorous  and  promising  development.  Spring  is  re- 
garded as  the  most  favorable  season  for  planting,  though  where  a 
large  number  of  plants  are  to  be  disposed  of,  the  work  may  be 
successfully   renewed   in   the   fall   months,    until    frost.     Spring 
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planting  has  the  advantage  of  preceding  the  growing  season,  during 
which  the  plant  becomes  estabhshed  in  the  ground.  The  effect 
of  drought  in  the  beginning  is  the  most  discouraging  experience 
of  the  young  plant,  at  which  time  an  artificial  suppl}'  of  water  if 
possible  is  the  one  thing  needful. 

Evergreens  seem  to  adapt  themselves  to  most  discouraging 
conditions,  yet  all  like  good  soil,  the  better  food  supply. 

The  white  pine,  often  growing  vigorously  in  light  sandy  soil, 
will  respond  to  good  soil  in  the  growth  and  substance  of  its  timber. 
It  is  not  adapted  to  wet  ground. 

On  poor  soil  the  Scotch  pine,  while  less  attractive  in  form  and 
habit  and  not  so  valuable  commercially,  grows  hardily,  being 
aided  in  its  efforts  to  thrive  under  somewhat  adverse  conditions  by 
its  longer  penetrating  root.  In  its  native  country,  it  is  regarded 
as  we  regard  the  white  pine. 

Of  the  spruce,  the  Norway  spruce  is  to  l^e  preferred  to  the 
native,  and  will  do  best  in  fairly  good  soil.  It  grows,  too,  better 
than  most  cone-bearing  trees,  in  moist  ground,  and  may  be  used 
to  advantage  for  under-planting  in  existing  woods.  It  is,  in  fact, 
noted  for  its  hardiness  and  its  adaptability  to  almost  any  soil. 

The  list  of  trees  at  present  supplied  by  the  state  seems  to  be 
somewhat  restricted.  This  may  have  been  and  is  still  due  to  the 
great  demand  for  plants.  It  is  certain,  however,  that  if  variety 
sometimes  quite  desirable  is  sought,  there  are,  in  addition  to  the 
above  named,  not  a  few  trees  that  may  be  used,  especially  where 
the  less  formal  and  the  more  desultory  manner  of  planting  is 
possible.  The  hemlock  is  a  beautiful  tree,  and  should  not  be 
ignored,  despite  the  fact  that  it  is  less  valuable  than  most  wood, 
but  still  profitably  available  for  rough  work. 

The  larch,  too,  notable  for  its  fine  standing  timber,  hardy  and 
with  a  peculiar  and  interesting  foliage,  grows  well  in  any  fairly 
good  soil.  Other  species  of  evergreen,  including  the  juniper,  of  a 
rather  dwarfish  tendency  of  growth  in  conjunction  with  stocky 
low-growing  under- wood,  are  excellent  for  the  formation  of  thicket 
and  for  the  borders  of  stream  and  pool,  offering  a  fine  harbor  for 
birds. 

In  the  matter  of  tree  planting  for  shade,  and  the  ornamentation 
of  our  public  roads  where  conditions  are  suitable,  as  indeed  they 
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generally  are,  if  the  engineer  will  give  attention  at  the  outset  to 
SO  desirable  an  item  in  the  project  of  road  building  as  tree  plant- 
ing, there  should  be  provided  as  an  integral  part  of  the  specifica- 
tions that  trees  shall  be  placed  in  properly  spaced  locations  and 
seasonably  planted.  Under  these  conditions,  the  engineer  will 
experience  pleasure  in  having  writ  "finis"  upon  an  enterprise 
which  will  retain  a  very  effective  feature  and  show  an  increasing 
value  of  the  trees,  secured,  as  he  will  be  surprised  to  learn,  at 
almost  negligible  increase  of  cost  per  foot  of  the  whole  undertaking. 
If  I  may  offer  a  suggestion,  a  sort  of  generalization,  it  is  to  say 
that  the  tree  symbolically  should  constitute  a  subject  of  an 
awakened  interest  to  the  engineer,  with  whose  endeavors  and 
enterprises  it  is  in  so  many  ways  associated.  The  engineer  is, 
by  virtue  of  his  profession,  assumed  to  be  fairly  equipped  educa- 
tionally, with  normal  capacity  to  comprehend  and  appreciate 
abstract  and  concrete  art  and  science  as  ordinarily  applied  in 
human  affairs.  He  has  often  been  and  is  likely  to  be  the  pioneer 
and  the  companion  of  the  pioneer  in  the  successful  venture  and 
glory  of  original  exploitations,  especially  in  relation  to  enterprises 
where  he  is  to  discover  at  first  hand  the  wonderful  features  of 
nature,  the  surpassing  beauty  of  forest  and  field,  and  a  surprising 
contrast  of  vegetation  in  all  its  varied  forms.  But  he  has  not 
permitted  himself  to  add  practice  to  this  natural  and  acquired 
equipment.  He  has  been  tethered  to  the  principle  generally 
accepted  by  the  profession,  that  always  his  aim  must  be  to  build 
well,  under  eternally  rigid  exactions  of  economy,  and  prepare  the 
way  for  others,  as  the  architect,  the  gardener,  and  often  the 
superficially  equipped  empiric,  to  deal  with  his  creation'  with  a 
free  hand  in  expenditure  denied  to  him,  in  applying  those  features 
of  superficial  external  adornment,  essential  to  its  completion. 

DISCUSSION. 

Mr.  Caleb  M.  Saville.*  The  watershed  of  the  city  of  Hart- 
ford, located  on  the  easterly  slopes  of  Talcott  Mountain,  is  about 
twelve  square  miles  in  area,  of  which  between  five  and  six  are 
owned  and  controlled  by  the  Hartford  Water  Board.     Of  that 

♦Chief  Engineer,  Board  of  Water  Commissioners,  Hartford,  Conn. 
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five  or  six  square  miles,  about  1  700  acres  are  in  a  naturally  wooded 
condition,  885  acres  in  old  pasture  covered  with  sprouts  and  young 
growth,  85  acres  upland  used  for  growing  hay,  485  acres  water 
surface,  and  230  acres  plantation,  mostly  white  pine.  The  area 
of  old  pasture  is  gradually  being  planted  to  pine,  about  25  acres 
being  put  down  in  a  year.  We  have  had  considerable  trouble 
with  the  pine-tree  weevil,  which  attacks  the  tops  of  the  white- 
pine  trees.  We  hope  he  is  like  the  seventeen-year  locust  and  is 
getting  tired  of  work,  and  we  will  not  hear  of  him  again  for  a  long 
time.  We  consulted  several  foresters  in  this  matter,  and  are 
now  planting  red  pine,  which  the  weevil  is  said  not  to  attack  and 
which  I  am  told  is  about  as  good  for  timber  purposes.  I  noticed 
Mr.  Clapp  spoke  of  planting  ash.  We  planted  a  great  deal  of 
ash  in  the  first  part  of  our  plantation  work,  but  the  rabbits  and 
deer  destroyed  so  much  that  we  have  ceased  to  plant  these  trees. 
We  plant  nothing  now  but  coniferous  trees.  The  chestnut' blight 
has  so  seriously  affected  the  entire  area  of  our  watershed,  and  that 
part  of  Connecticut  also,  that  probably  the  only  remedy  is  the 
complete  removal  of  the  chestnut  tree,  and  reforestation. 

While  it  is  possible  theoretically  to  produce  profits  from  thinning 
and  clearing  on  forested  areas,  and  most  of  the  foresters  whom  we 
have  talked  with  have  assured  us  that  we  could  expect  such  a 
profit,  it  is  worth  while  to  note  that  in  our  experience  such  profit 
is  decidedly  non-existent,  because  we  have  used  pipe-laying 
gangs  in  the  winter  time  who,  while  experts  with  pick  and  shovel, 
are  not  economical  woodmen. 

Mr.  EdW' ard  E.  Minor.*  In  New  Haven  we  have  been  inter- 
ested in  forestry  work  for  quite  a  number  of  years.  We  have  a 
large  territory  which  we  own,  do  our  own  planting,  and  raise  our 
own  stock.  We  make  a  profit  on  our  forestry  work.  Most  of  the 
lumbering  work  is  done  under  contract  on  a  percentage  basis. 
We  use  our  own  men  in  the  winter  at  times,  but  we  find  it  un- 
profitable because  they  are  not  accustomed  to  lumbering  work. 
It  requires  men  who  are  used  to  that  work  to  make  a  profit  out 
of  it,  as  the  margin  of  profit  is  very  small. 

We  are  very  apprehensive  about  fires.  We  spend  a  great  deal 
of  time  in  developing  fire  lines.     I  have  not  heard  that  spoken  of 

♦Superintendent,  New  Haven  Water  Company,  New  Haven,  Conn. 
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as  yet.  We  divide  our  tract  up  into  various  districts  and  have 
these  separated  by  lines  which  are  cleared  every  j^ear,  and  in  the 
spring  and  fall  we  have  a  gang  of  men  watching.  They  have  a 
system  of  signals  so  that  they  can  bring  help  if  a  fire  starts.  We 
seldom  go  through  a  spring  or  fall  without  having  two  or  three 
very  severe  fires,  which  we  are  able  by  means  of  our  preparation 
to  control  before  they  do  material  damage.  We  have  about 
1  200  acres  planted  at  present,  and  are  planting  about  200  acres 
a  year.  The  planting  costs  us  about  $7  an  acre.  The  raising 
of  tree  stock  costs  us  very  little.  A  week's  work  every  spring 
followed  by  occasional  weeding  covers  all  the  work  we  do  on  our 
nurseries.  We  have  to  spend  considerable  time  in  June  and 
July  going  over  all  our  plantations  and  taking  out  the  pine  weevil. 
We  are  planting  about  half  and  half  red  pine  and  white  pine. 
Some  of  our  plantations  are  25  to  30  ft.  high,  and  are  high  enough 
to  shut  out  all  the  underbrush,  and  certainly  look  encouraging. 
It  is  very  interesting  work  and  one,  I  think,  that  will  not  only 
bring  profit  but  also  the  advantage  of  covering  our  watershed 
with  trees  which  have  beauty  as  well  as  a  practical  use. 

Mr.  William  F.  Sullivan.*  Mr.  President,  Nashua  is  in  Hills- 
borough County,  New  Hampshire,  and  this  section  of  the  state  is  a 
natural  white-pine  region.  At  the  present  time,  on  account  of  the 
browntail  moth  and  gypsy  moth,  the  stunted  growth  of  deciduous 
and  particularly  of  oak  trees,  and  the  long  time  it  takes  oak  trees 
to  mature,  we  do  not  consider  the  hardwoods  of  any  especial 
value. 

Our  chestnut  lots  are  affected  with  the  chestnut  blight,  and  we 
have  been  told  by  the  state  forester  that  we  should  cut  all  chestnut 
trees  that  show  any  signs  of  infection.  I  might  say  that  our 
forest  reservation  was  started  about  sixty-two  years  ago,  when  the 
water  company  first  acquired  land.  And  the  water  company  has 
continued  to  acquire  land  ever  since,  primarily  as  a  protection  to 
its  water  supply.  On  some  lots  acquired,  there  were  even  stands 
of  pine,  some  full  grown.  Other  lots  were  sprout  land,  and  some 
were  pasture  lands.  We  have  done  some  planting  on  cut-over 
land.  The  planting  was  done  not  from  seed,  but  from  natural 
reproduction  nurseries.     From  these  nurseries  we  obtained  the 

*  Engineer  and  Superintendent,  Pennichuck  Water  WorliS,  Nashua,  N.  H. 
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saplings,  and  planted  them  in  open  areas  and  on  former  grazing 
land.  For  jTars  the  company  has  thinned  out  and  taken  care 
of  its  forests,  so  that  to-day  we  have  arrived  at  the  stage  of  being 
able  to  do  lumbering  operations.  When  we  cut,  we  do  it  so  that 
the  cut-over  strip  will  be  to  the  southeast  of  full-grown  stands  or 
seed  trees.  As  j'ou  undoubtedly  know,  this  is  for  the  purpose  of 
having  the  seeds  blow  to  the  deforested  tract,  and  if  they  take  root 
there,  seeds  will  reproduce  naturally.  We  have  some  excellent 
examples  of  natural  reproduction. 

We  are  at  the  commercial  stage  of  forestry.  We  have  erected 
a  water-power  sawmill  about  midway  of  our  reservation.  We  use 
our  own  men  entirely  in  the  operations  from  "  stump  to  stick." 
We  consider  it  profitable  to  use  our  regular  crew  in  winter  when 
very  little  pipe  laying  is  being  done,  and  thus  keep  our  organiza- 
tion throughout  the  year.  We  may  probably  have  some  ad- 
vantage over  my  friend  from  Hartford,  and  possibly  some  others, 
in  th^t  our  foreman  and  laborers  came  from  over  the  Canadian 
line,  where  in  their  youth  they  worked  and  logged  in  the  woods, 
and  are  familiar  with  woodcraft.     They  are  natural  foresters. 

For  several  j^ears  we  have  sawed  our  logs.  This  logging  has 
been  s\  hite  pine  and  hard  pine.  The  hard  pine  in  our  country  is 
stunted  in  growth  and  not  of  as  much  value  as  white  pine,  but  it 
makes  good  box  boards,  and  we  get  a  fairly  good  price  for  it. 
We  have  white  pine  of  different  grades,  a  large  percentage  being 
of  first  ciuality, 

I  will  say  it  is  my  opinion,  my  strong  conviction,  that  the 
planting  of  white-pine  trees  on  land  where  they  will  grow,  or  the 
purchase  of  tracts  which  are  coming  up  to  pine,  is  a  profitable 
venture,  and  will  show  a  profit  not  alone  for  water  companies, 
but  for  the  farmer,  for  the  firm,  and  for  the  individual.  It  is  a 
proposition  for  any  one  with  either  large  or  small  capital  who  is 
willing  to  let  the  investment  remain  over  for  a  long  period  of  3x^ars. 
By  such  an  investment  in  white-pine  growths,  one  is  only  putting 
the  money  so  invested,  with  its  increment,  away  for  his  children 
or  his  children's  children. 

Mr.  Saville.  I  would  like  to  say,  Mr.  President,  that  I  per- 
sonally agree  with  Mr.  Sullivan  that  white  pine  is  proper  to  giow 
on  watersheds,  and  will  perhaps  warrant  making  it  a  commercial 
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success.     At  Hartford  we  are  planting  twenty-five  acres  a  j^ear, 
and  expect  to  do  it  right  straight  along. 

Mr.  Sullivan.  Mr.  President,  the  principal  part  of  our  re- 
forestation is  done  bj^  natural  reproduction  and  from  transplants 
from  reproduction  nurseries,  as  we  call  them.  We  have  some 
excellent  stands  of  transplanted  white  pine,  from  ten  to  twenty 
years  of  age,  which  are  surprising.  When  trees  show  a  diameter 
•of  6  in.,  breast  high,  after  twenty  years  growth,  you  will  realize- 
that  white-pine  trees  have  a  value. 

I  will  say  regarding  fires  that  we  have  been  fortunate.  We  take 
the  precaution  to  keep  the  slash  and  brush  cleared  and  burned. 
The  fire  hazard  in  forests  is  not  so  great  now  as  it  was  a  few  years 
ago.  People  in  general  realize  the  danger  and  loss  there  is  from 
forest  fires.  The  railroads  are  more  careful.  Sportsmen  are 
careful  after  using  matches  and  smoking.  We  maintain  a  patrol 
on  Sundays  and  hohdays.  We  have  a  private  telephone  from 
the  pumping  station  to  the  center  of  our  tract  to  enable  the  patrol 
to  report  any  fire  and  call  for  help  to  extinguish  it.  We  are  also 
protected  by  wise  forest  fire  regulations. 

The  President.  Is  it  not  true,  Mr.  Sullivan,  that  you  have 
built  some  roads  through  those  woods  which  also  tend  to  act  as 
fire  cut-offs? 

Mr.  Sullivan.  It  is  our  purpose  that  all  forest  roads,  in  fact 
all  roads  through  our  land,  should  serve  as  fire  stops.  Logging 
roads  which  grow  up  with  brush  we  plow  and  harrow  so  that  there 
may  be  fresh  earth.  We  have  sixteen  hand  fire  extinguishers 
ready  and  handy  in  an  accessible  place.  We  have  an  automobile 
truck  in  use  for  service  work.  This  truck  is  provided  with  seats 
similar  to  the  regulation  fire  patrol  and  is  capable  of  taking  on  the 
extinguishers,  shovels,  etc.,  and  a  gang  of  from  five  to  fifteen  men. 
We  have  not  had  many  fires,  none  serious,  but  our  outfit  has  been 
of  assistance  to  our  neighbors,  and  by  assisting  them  we  have 
protected  ourselves. 

Mr.  Wilson  Fitch  Smith.*  Mr.  President,  in  regard  to  the 
cost  of  planting,  I  might  quote  the  experience  at  Kensico  Reser- 
voir. The  city  of  New  York  has  planted  over  800  acres  on  the 
marginal  strip  around  Kensico  Reservoir  during  the  past  four 

*  Division  Engineer,  Board  of  Water  Supply,  New  York  City.  ' 
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years  with  white,  red,  and  Scotch  pine  and  Nonvay  spruce.  In 
1912  and  1913  the  work  was  done  by  the  employees  of  the  Board 
of  Water  Suppl3\  Three-year-old  transplants  obtained  from 
various  nurseries  were  planted  in  rows  6  ft.  apart  each  way. 
During  these  two  years,  551  000  trees  were  planted  at  an  average 
cost  of  $12.38  per  thousand.     This  cost  includes  the  following: 

Average  for  Two 

Years  per 

Thousand. 

Cost  of  three-year-old  transplants .$4.41 

Freight  on  transplants .43 

Labor  handling  for  inspection,  and  teaming .50 

Labor  planting 6.30 

Engineering  supervision .74 


$12.38 


The  labor  was  at  the  rate  of  $2.00  a  day  for  an  eight-hour  day. 
These  figiires  are  the  averages  for  two  years'  work.  Toward  the 
end  of  each  season  the  men  became  more  experienced,  and  planted 
about  500  trees  per  man-day. 

For  the  purpose  of  obtaining  well-grown  stock  for  ornamental 
planting  in  conspicuous  places,  the  Board  purchased  about  120  000 
three-year-old  transplants  and  put  them  in  a  nursery  where  they 
were  cultivated  for  three  years.  At  the  end  of  that  time,  they 
were  six  years  old,  and  were  from  three  to  five  feet  high,  depending 
on  the  varieties,  and  their  complete  cost  amounted  to  $60.52  a 
thousand.  The  same  sized  stock  in  a  commercial  nursery  would 
cost  from  $125  to  $300  per  thousand  at  the  nursery.  Last  spring 
26  000  of  these  trees  were  lifted  and  planted  out  in  permanent 
locations,  at  a  cost  of  $73.91  per  thousand  for  all  labor,  superin- 
tendence, and  transportation  over  an  average  haul  of  two  and 
one-half  miles.  Therefore  the  trees  in  their  permanent  position 
cost  13|  cents  apiece. 

Mr.  Clapp.  My  paper  was  not  prepared  in  any  sense  in  the 
nature  of  a  discussion  of  Mr.  Culycr's  paper,  and  I  hope  you  will 
bear  with  me  if  in  any  connection  I  have  contradicted  any  of  the 
statements  made  by  him.  Mr.  Culyer  speaks  of  the  very  lavish 
hand  with  which  the  work  of  the  Board  of  Water  Supply  was 
carried  on,  and  the  expense,  but  I  think  when  you  stop  to  think 


80  COSTS    OF    REFORESTATION    OF    CROTON    WATERSHED. 

of  it,  that  a  great  deal  of  our  planting  has  been  at  a  profit  to  the 
contractor,  at  a  price  somewhat  less  than  $26  to  an  acre,  —  re- 
sulting in  the  planting  of  1  250  trees  to  an  acre,  which  are  guaran- 
teed to  grow.     I  do  not  think  you  will  consider  that  very  lavish. 

Mr.  E.  R.  B.  Allardice*  {by  letter).  About  twenty  years  ago, 
during  the  early  development  of  the  plans  for  building  on  the 
South  Branch  of  the  Nashua  River,  at  Clinton,  Mass.,  what  is  now 
known  as  the  Wachusett  Reservoir,  in  which  to  store  water  for  the 
supply  of  Greater  Boston,  the  Metropolitan  Water  and  Sewerage 
Board,  largely  through  the  efforts  of  its  present  chairman.  Dr. 
Henry  P.  Walcott,  appreciated  the  fact  that,  unless  systematically 
and  scientifically  studied  and  developed,  the  marginal  lands  of 
this  great  inland  lake  would  become  waste  and  valueless,  a  detri- 
ment to  the  purity  of  the  water  supply  and  a  menace  to  the  life  of 
the  soil.  The  watershed  area  tributary  to  this  reservoir  covers 
about  118  square  miles,  of  which  about  7  square  miles  bordering 
on  the  immediate  shore  of  the  reservoir  and  extending  along  the 
principal  tributary  streams  are  owned  by  the  Commonwealth  and 
are  controlled  by  this  Board.  This  area  has  been  developed  along 
the  lines  of  modern  forestry  from  a  pre-arranged  plan  outlined  by 
Prof.  J.  G.  Jack,  of  the  Harvard  Agricultural  School,  who  made  a 
study  of  the  existing  condition  of  the  various  kinds  or  classes  of 
land,  and  outUned  a  general  scheme  to  be  followed,  whereby  the 
most  economical  use  could  be  made  of  the  land,  and  at  the  same 
time  preserve  and  increase  the  purity  of  the  water  supply,  protect 
the  land  against  damaging  floods,  increase  the  duration  of  heavy 
yields,  and  preserve  the  usefulness  of  the  soil. 

In  entering  upon  this  work,  the  promoters  did  not  have  the  ad- 
vantage of  others'  experience.  Although  forestry,  as  forestry 
alone,  had  been  practiced  successfully  for  years,  it  remained  for 
this  project  to  make  of  it  an  important  branch  of  the  modern  large 
water  supply.  Therefore,  the  first  question  to  be  decided  was: 
How  can  this  large  area  of  land  be  reforested,  to  secure  the  most 
satisfactory  results,  without  affecting,  to  the  slightest  degree,  the 
paramount  purpose  of  securing  a  pure  water  supply? 

The  problem  presented  an  area  made  up  of  arable  lots,  pastures, 
timber  stands,  and  sparsely  grown  sprout  lands,  which  offered  a 

*  Superintendent  of  Wachusett  Department,  Metropolitan  Water  Works,  Boston. 
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splendid  opportunity  for  the  practice  of  modern  forestry.  The 
more  hardy  sprout  lands  and  timber  forests  could,  by  the  expendi- 
ture of  comparatively  small  amounts,  be  made  paying  property  by 
making  improvement  thinnings  in  them. 

As  the  result  of  his  investigation,  Professor  Jack  recommended 
that  the  entire  unforested  portion  of  the  reservation  be  planted 
with  native  white  pines,  making  a  self-perpetuating  forest,  which 
would  ultimately  provide  a  complete  ground  cover,  requiring  no 
artificial  fertilizing  or  disturbing  of  the  soil,  and  which  would  pro- 
tect the  waters  of  the  basin  from  the  direct  contamination  of 
manurial  matters  and  soil  washed  from  adjacent  farms  during 
heavy  freshets  or  spring  floods.  The  white  pine  was  selected  be- 
cause of  its  almost  universal  adaptability  to  the  various  kinds  of 
land  and  growth  to  be  treated,  its  freedom  from  leaves,  its  rising 
value  in  the  lumber  market,  and  the  ease,  low  cost,  and  compara- 
tive certainty  of  raising  to  maturity. 

The  general  policy  adopted  comprised  the  raising  of  seedhngs 
in  nurseries  established  for  the  purpose;  planting  all  the  arable 
pasture,  and  light  sprout  land;  underplanting  and  interplanting 
the  thick  sprout  and  j'oung  thinly  grown  timber  land,  and  making 
improvement  thinnings  later  as  the  growth  demanded;  improving 
the  original  timber  stands;  protecting  the  entire  reservation  with 
a  40-ft.  marginal  fire  guard,  internal  lo-ft.  access  roads  and  a  5()-ft. 
clearing  along  the  shore  line  of  the  reservoir.  During  the  first 
few  years  of  this  development,  the  plantings  comprised  white 
pines  planted  10  ft.  by  10  ft.  apart,  using  oaks,  chestnuts,  and 
maples  as  fillers,  making  the  final  stand  with  trees  5  ft.  by  5  ft. 
apart.  This  type  of  planting  was  used  in  arable,  open  pasture, 
and  light  sprout  land. 

There  is  a  truism  which  says,  "  Progress  is  born  of  experience," 
and  this  has  been  proven  to  us  in  our  experience  with  the  hard- 
wood fillers.  While  the  success  with  the  white  pines  has  been  ex- 
tremely gratifying,  the  failure  of  the  hard-wood  fillers  to  make  even 
a  creditable  showing  has  been  correspondingly  discouraging.  Con- 
sequently, after  the  first  few  years,  the  composition  of  the  plant- 
ings in  arable,  open  pasture  and  light  sprout  land  was  changed  to 
a  soHd  stand,  with  trees  6  ft.  bj^  6  ft.  apart.  With  this  clo.se  spac- 
ing it  is  expected,  and,  in  fact,  is  evidenced  at  this  time,  that  the 


82  COSTS    OF    REFORESTATION    OF   CROTON   WATERSHED. 

limbs  will  interfere  with  each  other  and  accomplish  the  same  clear- 
ing of  the  trunks  as  was  expected  of  the  hard-wood  fillers.  In  the 
thick  sprout  and  young,  thinly  grown,  timber  land  the  pine  seed- 
lings were  used  to  underplant  the  sprouts  and  interplant  the  open 
areas  of  the  timber  land.  When  planted  in  this  kind  of  land  the 
pines  grow  up  in  a  rather  delicate  condition,  until  their  tops  en- 
counter the  low-lying  limbs  of  the  surrounding  growth.  At  this 
stage  it  is  necessary  to  give  them  assistance  if  they  are  to  survive. 
This  we  have  found  can  be  done  for  about  eight  dollars  per  acre, 
the  method  being  to  cut  out  all  growth  which  is  in  any  way,  at 
this  time  or  within  the  next  few  years,  liable  to  stunt  or  kill  the 
trees.  Our  experience  has  shown  that  in  stands  of  this  type  it 
becomes  necessary  to  make  a  second  clearing  after  a  lapse  of  about 
ten  years.  Undoubtedly  this  is  the  last  help  the  pines  will  require 
until  they  are  about  thirty  years  of  age,  when  an  improvement 
thinning  will  in  all  probability  be  made.  In  doing  this  work,  due 
care  is  taken  to  preserve  all  valuable  specimens  of  trees  and  to 
leave  sufficient  fillers  of  any  nature  whatever  which  will  act  as 
crowders  to  the  pines. 

Of  the  4  667  acres,  or  approximately  7  square  miles,  of.  marginal 
lands,  1  313  acres  have  been  planted  to  white  pine  and  852  acres 
of  this  area  have  been  thinned  once;  while  a  very  small  per  cent, 
has  required  a  second  thinning.  In  about  300  acres  of  the  natural 
timber  land,  improvement  thinnings  have  been  made  where  the 
receipts  from  cord  wood,  ties,  and  fence  posts  have  about  covered 
the  expense.  There  remains  some  600  acres  yet  to  be  planted  to 
white  and  red  pine  and  spruce,  which  are  being  raised  in  our  own 
nurseries. 

During  the  early  years  of  the  work  all  trees  were  raised  in  nurse- 
ries of  our  own,  while  for  a  few  years  back  several  hundred  thou- 
sand one-year  seedlings  have  l3een  furnished  us  gratis  from  the 
Department  of  State  Forestry.  These  trees  were  set  out  in  our 
nurseries  in  transplant  rows,  where  they  remained  two  years  before 
they  were  planted  -in  the  field.  No  distinction  has  been  made  be- 
tween spring  and  fall  plantings,  and  both  have  been  equally  suc- 
cessful. 

The  following  examples  show  the  cost  of  planting  and  thinning 
under  widely  differing  conditions: 
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(Minimum  wage  rate,  $2.50  per  8-hr.  clay.) 
29.6  acres  of  very  rough  scrub,  sprout,  and  weed  grass,  preliminary 

clearing,  March,  1908 .S41.00 

Planted  in  the  fall  of  1908  with  29  360  three-year-old  white- 
pine  seedlings,  placed  6  ft.  by  6  ft.,  these  seedlings  being  one  year 
in  the  seed  beds  and  two  years  in  the  transplant  beds. 

Raising  stock  in  nurserj' 20.5.00 

Planting  in  field 330.00 

First  protective  clearing,  December,  1911 330.00 

Second  protective  clearing,  March,  1915 304.00 

Total .$1210.00 

Received  from  cord  wood  in  1911 20.00 

Net  cost $1  190.00 

Cost  per  acre  to  date,  $40.00. 
Estimated  number  of  trees,  900  per  acre. 
Cost  per  tree  to  date,  4  cents  plus. 

20.3  acres  of  old  pasture  and  run-out  grass  land,  preliminary  clearing  None 

Planted  in  the  spring  of  1903  with  9  480  three-year-old  white 
pine  seedHngs  placed  10  ft.  by  10  ft.,  these  seedhngs  were  one  year 
in  seed  beds  and  two  years  in  transplant  beds. 

Raising  stock  in  nursery $67.00 

Planting  in  field 193.00 

Protective  clearing,  December,  1908 66.00 

Total $326.00 

Cost  per  acre  to  date,  $16.00. 

Estimated  number  of  trees,  400  per  acre  (standing). 

Cost  per  tree  to  date,  4  cents  plus. 


FIRE    PROTECTION. 

It  is  needless  to  say  that  the  greatest  menace  to  the  forests  which 
we  have  to  provide  against,  and  the  one  which  requires  eternal 
vigilance  on  the  part  of  each  and  every  employee  and  all  having 
the  interests  of  the  forests  at  heart,  are  the  forest  fires.  To  pre- 
vent their  spreading  to  or  from  abutting  property  and  to  provide  a 
line  of  defense  on  which  to  fight  them,  a  fire  guard,  40  ft.  wide,  has 
been  cut  around  the  entire  outside  limit  of  the  marginal  lands  of 
the  reservoir.     There  is  also  a  network  of  "  forest  roads,"  15  ft. 
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wide,  throughout  the  reservation,  which  acts  as  supplementary 
fire  protection.  The  brush  and  weeds  are  cut  from  these  two  pro- 
tective systems  every  alternate  year. 

On  holidays  and  Sundays  during  the  dangerous  seasons  of  the 
year  (early  spring  and  late  fall),  men  armed  with  fire  extinguishers 
patrol  the  reservation  to  further  protect  it  from  the  ravages  of 
forest  fires.  Of  late  years  a  motor  drawn  and  operated  power- 
sprayer  truck  with  a  capacity  of  400  gal.  has  been  added  to  the 
equipment  and  has  done  very  efficient  service  both  in  extinguish- 
ing fires  on  our  property  and  in  stopping  them  at  the  fire  guard 
when  approaching  from  abutting  property.  Too  much  emphasis 
and  praise  cannot  be  given  to  the  forest  lookout,  stationed  as  he 
generally  is  on  top  of  some  lonely  mountain  or  hill,  for  the  very 
efficient  and  invaluable  service  he  renders  in  locating  fires  and 
summoning  assistance. 

In  the  years  1911  and  1912,  four  forest  fires  destroyed  the  pines 
on  an  aggregate  of  about  125  acres.  These  trees  were  from  eight 
to  twelve  years  old,  and  it  is  needless  to  say  were  among  the  finest 
stands  on  the  reservation.  The  cause  of  these  fires  were  traced 
to  a  cigarette  butt  thrown  from  a  passing  electric  car,  the  presence 
of  berry  pickers  (smoking)  on  the  reservation,  and  from  sparks 
from  a  locomotive.  From  the  latter  cause  we  have  very  frequent 
fires,  and  while  we  experience  no  difficulty  in  reaching  a  satisfac- 
tory financial  settlement  for  damages,  yet  it  does  seem  that  some 
action  should  be  taken  whereby  the  present  laws  relative  to  pro- 
tective devices  on  locomotives  be  enforced. 

Of  late  years  the  forestry  plans  have  been  extended  to  cover  the 
large  holdings  surrounding  the  Sudbury  storage  reservoir  and  the 
numerous  small  distributing  and  coinpensating  reservoirs  scattered 
throughout  the  Metropolitan  district. 

The  writer  having  had  no  part  in  formulating  the  plans  for  the 
work  herein  described,  nor  in  the  working  out  of  the  plans  in  their 
early  stages  when  the  success  or  failure  of  the  venture  was  in  the 
making,  feels  that  he  can,  without  undue  boastfulness,  emphasize 
the  success  of  the  work  as  a  whole  and  the  favorable  comments 
heard  by  visitors  from  all  over  the  world,  and  especially  by  the 
forestry  experts  from  the  United  States  Government.  There  are 
stands  of  pine  now  about  fifteen  years  old,  on  the  old  spacing  of 


Plate  VI. 

N.  E.  W.  W.  ASSOCIATION. 

VOL.  XXX. 

ALLARDICE  ON 

REFORESTATION  OF  WATERSHEDS. 


W.\rHUSETT  Reservoir  Eight-Year-Old  White  Pines  Planted  in 
SpRiNfi  OF  1903  on  Ten  by  Ten  Foot  Spacing. 


Fk;.  2. 

WaCHDSETT    ReSEKVOIK.       TWELVE-^  KAU-OlD    W  HITK    FlNE.S. 


DISCUSSION.  85 

10  ft.  by  10  ft.  and  about  eleven  years  old  on  the  new  spacing  of 
6  ft.  by  6  ft.,  where  there  are  living  to-day  95  per  cent,  of  the  trees 
set  out,  and  which  have  grown  so  as  to  provide  a  complete  cover, 
and  which  will  require  the  first  improvement  thinning  within  a 
year  or  so.  It  is  a  common  sight  to  find  trees  which  have  grown 
from  2  to  3  ft.  a  year  with  a  6-in.  butt,  and  it  certainly  is  very 
pleasing  and  gratifying  to  be  told  by  men  who  make  a  study  of 
this  subject  and  travel  all  over  the  world  in  so  doing  that  nowhere 
in  the  United  States  is  there  such  a  fine  showing.  Certainly  the 
Commonwealth  of  Massachusetts  is  to  be  congratulated  upon  be- 
ing, through  the  Metropolitan  Water  and  Sewerage  Board,  the 
pioneer  in  making  so  important  a  subject  an  adjunct  to  the  large 
municipal  water-supply  systems  of  to-day,  and  to  have  set  the 
example  which  other  states  in  the  Union  have  seen  fit  to  emulate 
in  this  same  connection. 
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DOUBLE   SAND    FILTRATION    OF   WATER   AT   SOUTH 

NORWALK,    CONN.  —  REMOVAL    OF    ORGANISMS, 

TASTES,  AND  ODORS. 

BY  HARRY  W.  CLARK,  CHEMIST  MASSACHUSETTS  STATE  DEPARTMENT 

OF   HEALTH. 

[Read  September  7,  19lo.\ 

South  Norwalk  is  a  city  of  about  10  500  people,  situated  on 
Long  Island  Sound,  forty-two  miles  from  New  York.  A  public 
water  supply  was  introduced  in  1876,  and  this  supply  has  been 
enlarged  from  time  to  time  by  the  acquirement  of  various  new. 
sources  and  the  construction  of  new  reservoirs.  The  total  popu- 
lation supplied  is  about  13  000,  other  communities  than  South 
Norwalk  receiving  this  water.  The  water  system  includes  ten 
square  miles  qf  watershed,  500  acres  of  land,  and  four  reservoirs 
with  a  capacity  of  700  000  000  gal.  The  two  principal  reservoirs 
are  City  Lake  Reservoir  and  Rock  Lake  Reservoir.  The  con- 
sumption of  water  is  large  for  the  population  supplied,  averaging 
about  2  500  000  gal.  daily,  or  about  200  gal.  per  capita.  Few 
meters  are  installed. 

The  water  of  the  South  Norwalk  reservoirs  has  through  many 
years  been  subject  at  times  to  enormous  growths  of  taste-  and 
odor-producing  and  other  microscopic  organisms.  Asterionella, 
Anabana,  Dinobryon,  Aphanizomenon,  etc.,  flourish  very  vigor- 
ously at  certain  periods,  sometimes  singly  and  sometimes  to- 
gether. These  growths  are  generally  greatest  in  the  months  of 
August,  September,  and  October,  but  occur  at  other  times  also. 
Growths  of  certain  of  these  organisms  are  prominent  as  a  scum  at 
times  on  the  surface  of  considerable  areas  of  the  main  reservoirs. 
Samples  of  water  shipped  to  me  in  the  summer  season  from  City 
Lake  Reservoir  have  occasionally  been  long  enough  in  transit  for 
the  disintegration  of  these  microscopic  growths  to  have  occurred 
and  to  give  the  water  the  intense,  vile,  pigpen  odor  caused  by  this 
disintegration  and  decay.  Cities  are  slow  to  act,  and  a  long- 
suffering  public  put  up  with  the  tastes,  odors,  and  generally  dis- 
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agreeable  conditions  of  the  water  supply  through  many  years. 
Improvement  was  earnestlj''  desired  by  the  water  conmiissioners 
and  the  citizens.  Various  mayors  recommended  action  in  dif- 
ferent inaugural  addresses,  and  in  January,  1905,  Mayor  Dow, 
speaking  of  the  filtration  works  then  under  construction,  stated: 
"  We  who  have  suffered  from  the  water  conditions  as  they  have 
prevailed  can  appreciate  fully  what  filtration  will  mean.' 
Previous  to  this,  in  ]\Iarch,  1904,  the  speaker  was  retained  by  the 
South  Norwalk  Water  Commissioners,  ^Messrs.  Stephen  Hatch, 
Christian  Swartz,  and  Franklin  Smith,  working  in  cooperation 
with  a  special  water  committee,  to  advise  in  regard  to  improvement 
of  the  water  and  filtration.  The  water  question  was  studied  and 
double  sand  filtration  recommended.  Some  experience  with  this 
water  several  years  earlier  than  1904  and  the  results  of  filtration 
investigations  upon  the  water  of  Ludlow  Reservoir,  Springfield, 
Mass.,  were  the  foundation  of  the  advice  given. 

At  Ludlow  Reservoir,  the  old  water  supply  of  Springfield, 
filtration  investigations  for  the  Massachusetts  State  Board  of 
Health  and  the  Springfield  Water  Board,  carried  on  largely  under 
the  direction  of  the  writer  during  the  year  1901,  had  shown  that 
water  from  a  shallow  reservoir  containing  at  times  enormous 
growths  of  Anabaena  and  other  taste-  and  odor-producing  or- 
ganisms, together  with  much  organic  matter,  iron,  and  color, 
could  be  rendered  entirely  satisfactory  and  free  from  tastes  and 
odors  by  aeration  and  double  sand  filtration. 

At  Springfield,  the  primary  experimental  filters  were  operated 
at  a  rate  of  2  500  000  gal.  per  acre  daily  and  the  secondarj^  filter 
at  a  rate  of  approximately  10  000  000  gal.  per  acre  daily.  This 
experimental  plant  removed  not  only  the  organisms  and  the 
tastes  and  odors,  but  caused  a  very  substantial  reduction  of  the 
iron,  organic  matter,  and  color  of  the  water  so  treated.  In  fact, 
during  the  four  months  of  the  year  when  the  applied  water  was 
highest  in  color,  the  filter  removed  G3  per  cent,  of  this  coloring 
matter.  With  the  results  of  this  Springfield  investigation  as  a 
precedent,  the  writer  had  little  hesitation  in  reconnnending  a 
double  sand  filtration  plant  for  South  Xorwalk,  and  the  results 
of  nearly  seven  years'  operation  of  the  filters  have  been  an  ample 
vindication  of  th(>  advice  then  given. 
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Briefly,  the  plan  of  filtration  was  to  aerate  the  water  thoroughly, 
then  pass  it  through  a  filter  containing  about  three  and  one-half 
feet  in  depth  of  coarse  sand,  then  aeration  and  a  second  filtration 
during  that  portion  of  the  year  when  the  water  was  in  its  worst 
condition.  Rates  siixiilar  to  those  successful  at  Ludlow  were 
planned  for;  namely,  2  500  000  gal.  per  acre  daily  for  the  pri- 
mary filter  and  10  000  000  gal.  for  the  secondary  filter.  The  object 
of  this  filtration  was,  let  me  make  it  clear,  not  the  improvement 
of  the  water  bacterially,  although,  of  course,  this  followed,  but 
the  change  of  a  water  at  times  almost  entirely  unsuitable  for 
domestic  consumption,  owing  to  its  disagreeable  qualities,  to 
one  entirely  satisfactory  in  every  respect.  Just  how  bad  the 
water  in  the  city  was  at  times  before  the  filters  were  installed,  I 
have  little  personal  knowledge.  I  understand,  however,  that 
for  considerable  periods  of  each  year  the  taste  and  odors  were 
decidedly  rank  and  the  turbidity  of  the  water  very  noticeable. 
On  several  occasions  when  visiting  the  filters  in  the  summer  season 
since  their  construction,  the  water  over  the  primary  filter  has, 
owing  to  the  organisms  present,  looked  like  a  thick  green  pea  soup. 
It  is  a  fact,  moreover,  that  the  water  board  of  a  certain  Massachu- 
setts city  visiting  South  Norwalk  on  a  tour  of  inspection  became 
decidedly  opposed  to  filtration  on  account  of  the  strong  odor  at 
that  time  around  this  South  Norwalk  filtration  plant.  They 
could  hardly  be  persuaded  to  look  at  the  improved  water  after 
filtration,  apparently  deciding  that  a  filtration  plant  would  be  a 
nuisance.  William  S.  Johnson,  C.E.,  of  Boston,  was  associated 
with  the  writer  in  preparing  the  designs  of  the  filters,  and  to  him 
much  of  the  success  of  the  work  is  due.  Samuel  W.  Hoyt,  C.E., 
of  South  Norwalk,  was  in  direct  charge  of  construction,  and  the 
Bunting  Construction  Company  were  the  builders. 

The  filters  are  located  about  1  000  ft.  south  of  the  city's  largest 
reservoir,  known  as  City  Lake,  and  water  flows  from  the  lake  to 
the  filter  through  an  18-in.  pipe.  City  Lake  is  about  260  ft. 
above  the  city  level,  which  is  practically  sea-level.  The  filters 
were  built  during  1906  and  1907  and  were  put  into  operation  on 
June  22,  1908.  They  are  of  concrete  construction  and  covered. 
The  primary  filter  is  divided  into  three  sections,  each  78.4  ft. 
wide  and  145  ft.  long  inside  measurement,  slightly  moj'e  than  0.25 
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acres;  the  floor  is  15  in.  thick  under  the  piers  and  6  in.  midway 
between.  There  are  fifty  piers  in  each  section,  28  in.  square  at 
the  base  and  20  at  the  top.  The  concrete  roof  is  of  groined-arch 
construction,  6  in.  thick  at  the  summit  of  the  arch.  It  is  not 
reinforced.  Each  span  is  11  ft.  8  in.,  and  the  arch  is  half  an 
eUipse  with  a  rise  of  2  ft.  6  in.  There  are  thirty  manholes  in  each 
section.  Near  the  center  of  the  floor  of  each  section  an  effluent 
channel  is  placed,  2  ft.  10  in.  wide  and  8  in.  high,  covered  with  re- 
inforced concrete  slabs.  From  this  main  channel,  lateral  lines  of 
10-in.  split  vitrified  pipe  are  laid  in  the  invert  of  each  vertical 
curve  across  the  filter  beds.  The  underdrains  are  covered  with 
14  in.  of  graded  gravel.  The  sand  in  each  filter  is  8  ft.  9  in.  deep 
and  of  an  effective  size  of  from  0.35  to  0.38  of  a  millimeter. 

No  sand  could  be  discovered  within  about  seven  miles  of  the 
filter  and  the  railroad  was  many  miles  away.  There  was,  however, 
a  gravel  deposit  just  a  mile  distant  across  country,  and  we  finally, 
after  extended  investigations,  decided  to  use  the  sand  contained 
in  that  gravel.  To  obtain  one  yard  of  sand  it  was  necessary  to 
handle  something  more  than  three  yards  of  material,  and  the 
screening  was  all  done  by  hand,  as  the  circumstances  were  such 
that  it  did  not  seem  to  be  economical  to  put  in  a  mechanical  screen. 
Then  a  new  road,  a  mile  in  length,  was  built  across  country  and 
the  sand  was  hauled  to  the  site  of  the  filter.  After  reaching  the 
filter  it  had  to  be  washed  to  remove  the  fine  material  and  dirt, 
taking  out  about  5  per  cent,  in  the  process.  The  cost  of  the  sand 
placed  in  the  filter  was  about  $2.45  per  yard. 

The  washing  at  this  place  was  of  necessity  done  inside  of  the 
filter,  as  the  wash-water  was  obtained  by  gravity  from  a  reservoir, 
and  the  head  was  not  sufficient  to  deliver  any  considerable 
quantity  of  water  above  the  roof  of  the  filter.  At  first  we  thought 
the  location  of  the  washing  apparatus  inside  of  the  filter  was  going 
to  be  a  disadvantage,  but  it  proved  to  be  the  opposite. 

The  sand  was  dumped  through  one  of  the  manholes  into  a 
hopper  which  fed  directly  into  the  washer,  and  the  dirty  water  was 
carried  off  through  one  of  the  drains.  The  clean  sand  was  dis- 
charged into  \vheelbarrows  on  a  plank  run,  and  a  constant  stream 
of  wheelbarrows  passed  the  outlet  of  the  washer. 

The  water  comes  to  the  primary  filter  through  an  18-in.  pipe 
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and  passes  to  the  aerator  placed  in  a  concrete  aerating  chamber. 
The  aerator  is  a  steel  box  9  ft.  3  in.  long,  6  ft.  6  in.  wide,  and  4  ft. 
high.  It  has  6  836  holes  y6  ^^-  in  diameter  spaced  1  in.  between 
centers.  This  form  of  aerator  was  adopted  after  various  experi- 
ments made  by  me  at  the  Lawrence  Experiment  Station  in  regard 
to  the  quickest  and  most  thorough  method  of  introducing  air 
into  water  free  from  air;  that  is,  water  that,  owing  to  the  presence 
of  much  organic  matter  in  a  state  of  change,  had  exhausted  the 
free  oxygen  normally  present.  It  was  found  by  these  experiments 
that  even  weak  sewage  devoid  of  oxygen  could  be  nearly  saturated 
with  air  when  dropping  from  a  box  of  this  description  through 
3^  ft.  of  air.  The  small  streams  coming  from  these  i^-in.  open- 
ings, twist  and  break  and  the  water  becomes  a  white-foaming 
mass,  about  6  in.  below  the  aerator  pan.  The  aerator  is  regulated 
by  a  float  valve. 

The  water  after  passing  through  the  primary  filter  collects  in  a 
central  effluent  channel  and  flows  to  four  14-in.  Venturi  meters, 
one  for  each  section  of  the  primary  filter  and  for  the  secondary 
filter.  These  meters  register  and  record  the  rate  of  filtration,  the 
elevation  of  water  in  each  bed,  and  the  loss  of  head.  From  these 
meters  the  water  passes  to  a  central  chamber  under  the  operating 
house,  and  from  there  it  may  be  passed  to  a  secondary  filter  or 
to  the  city  mains  or  to  a  clear  water  reservoir  with  a  capacity  of 
250  000  gal.  The  secondary  filter  is  of  the  same  design,  construc- 
tion, and  dimensions  as  each  section  of  the  primary  filter. 

In  the  operation  of  the  experimental  filter  at  Ludlow  one  phe- 
nomenon was  noticed  that  occurs  often  with  the  primary  filter  at 
South  Norwalk;  that  is,  during  the  period  of  each  year  when  the 
organic  matter  or  organisms  are  in  the  greatest  abundance  in  the 
reservoir  water,  the  quick  oxidation  of  this  organic  matter  in 
the  sand  filter  causes  a  complete  exhaustion  of  the  oxygen,  and  the 
remaining  unoxidized  organic  matter  then  takes  oxygen  from  the 
iron  and  manganese  oxides  in  the  sand,  iron  and  some  manganese 
hence  coming  through  in  solution.  While  this  adds  to  the  load 
of  the  secondary  filter,  this  iron  and  manganese  is  thoroughly 
oxidized  by  aeration  before  reaching  the  surface  of  the  secondary 
filter  and  hence  acts  as  a  precipitant,  and  the  secondary  filter 
removes  more  organic  and  coloring  matter  at  such  times  than 


CLARK.  -  91 

during  other  periods  of  the  year.  The  question  may  be  asked 
whether  this  action  could  not  be  avoided  by  passing  the  water 
more  rapidly  through  the  primary  filter  and  thus  not  giving  time 
for  oxygen  exhaustion.  This  might  be  done  except  for  the  load 
of  organisms  occurring  at  these  periods.  Attempts  were  made  at 
Ludlow  to  overcome  this  trouble  by  the  operation  of  a  filter  with 
a  shallow  depth  of  sand,  and  while  this  was  more  or  less  successful, 
it  did  not  entirely  obviate  the  difficulty. 

At  the  Ludlow  experimental  filters  the  primary  filter  caused  a 
very  satisfactory  removal  of  tastes  and  odors  until  Anabsena  be- 
came very  abundant  in  the  applied  water,  the  number  of  organ- 
isms of  this  kind  reaching  at  times  nearly  eleven  thousand  per 
cubic  centimeter,  and  at  such  periods  the  effluent  from  the  primary 
filter  had  decided  tastes  and  odors,  these  tastes  and  odors  being, 
however,  entirely  removed  by  the  secondary  filter  operating  at  a 
10  000  000  rate,  and  this  is  very  largely  the  experience  at  South 
Nor  walk. 

Owing  to  the  level  of  the  filter  being  nearly  that  of  the  reservoir 
from  which  water  is  taken,  the  lack  of  water  pressure  for  the 
operation  of  the  customary  sand-washing  machines  has  caused 
some  difficulty  in  washing  the  sand  economically.  Generally, 
sand  washing  is  carried  on  as  follows,  the  sand  being  washed  in 
place.  Water  enters  at  special  inlets  at  the  filter's  -surface  and 
it  flows  over  the  sand  controlled  in  fairly  narrow  channels  by 
wooden  baffles  placed  in  the  sand.  The  sand  is  disturbed  by 
rakes,  and  the  accumulated  material,  dirt,  etc.,  is  washed  across 
the  bed  to  specially  designed  waste  drains. 

The  filter  throughout  the  seven  years  of  its  operation  to  date 
has  been  entirely  satisfactory  and  successful  in  accomplishing 
the  object  for  which  it  was  constructed.  Organisms,  tastes,  and 
odors  are  completely  removed,  together  with  at  least  50  per  cent, 
of  the  coloring  matter  of  the  water,  the  apparent  color  removal 
being  much  greater  than  this.  According  to  South  Norwalk 
physicians,  it  has  also  had  a  beneficial  effect  upon  the  health  of 
the  community,  but  I  have  no  statistics  upon  this  point.  The 
cost  of  this  plant  with  a  total  filtering  area  of  one  and  one-fourth 
acres  was  just  about  $100  000.  The  statistics  for  the  year  ending 
May  1,  1915,  are  as  follows: 
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South  Norwalk  Water  Works,  June  15,  1915. 

Yearly  Report  at  Purification  Plant  for  the  Year  ending  May  1,  1915. 

Total  number  of  gallons  of  water  used 923  256  331 

Daily  average  for  year  was 2  529  469 

Greatest  amount  filtered  on  one  bed  between  cleanings    ....  37  095  370 

Least  amount  filtered  on  one  bed  between  cleanings 2  508  545 

Greatest  amount  filtered  on  one  bed  per  acre 148  381  480 

Least  amount  filtered  on  one  bed  per  acre      10  034  180 

Total  operating  cost  without  supplies      $4  335.20 

Operating  cost  per  1  000  000  gal.  filtered $5.23 

Average  amount  filtered  per  cleaning,  gallons 11  398  229 

Number  of  times  secondary  filter  was  cleaned 9 

Longest  run  on  secondary  filter 93  days 

Shortest  run  on  secondary  filter 9  days 

Greatest  amount  used  in  24  hours  (Dec.  29,  1914) 3  125  485 

Least  amount  used  in  24  hours  (Oct.  25,  1914)      2  087  615 

Average  rate  of  filtration  of  primary  filter,  gallons 3  300  000 

Average  rate  of  filtration  of  secondary  filter,  gallons 10  000  000 


DISCUSSION. 

Mr.  James  S.  Dunwoody.*  I  would  like  to  ask  Mr.  Clark  if 
he  has  any  temperature  data,  especially  for  the  summer  months? 
I  understood  him  to  say  that  this  Asterionella  lasted  throughout 
the  entire  summer. 

Mr.  Clark.  I  never  noted  the  temperature  the  water  reaches 
at  the  time  when  these  organisms  begin  to  be  prominent  at  South 
Norwalk.  The  reservoir  there  is  quite  shallow  and  I  have  no 
doubt  the  temperature  gets  very  high.  They  may  have  some  data 
there.  I  may  say  that  I  have  had  very  little  to  do  with  this  filter 
plant  during  the  six  or  seven  years  since  its  construction.  They 
have  been  able  to  run  it  satisfactorily  themselves,  and  it  has  not 
been  necessary  to  call  me  in  but  once  or  twice  to  help  a  little. 

Mr.  Dunwoody.     Do  I  take  it  this  lake  is  formed  by  springs? 

Mr.  Clark.  No,  I  should  say  not.  It  comes  from  brooks 
quite  largely. 

Mr.  Dunwoody.  With  what  experience  I  have  had  with  this 
algae,  it  never  lasts  a  full  season  to  much  extent  unless  the  tem- 
perature of  the  water  is  kept  quite  low. 

*  Erie,  Pa. 
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Mr.  Clark.  I  have  had  quite  a  different  experience.  I  have 
seen  algae  last  through  many  weeks  of  high  temperature.  The 
reservoir  at  Ludlow,  which  is  a  shallow  reservoir  with  stumps  of 
trees  sticking  up  through  the  water,  has  high  numbers  of  organisms 
through  the  warm  months  of  August  and  September.  Whether 
it  appears  at  one  temperature  or  another  depends  altogether  on 
the  kind  of  organism. 

Mr.  Duxwoody.  In  our  water  supply  at  Erie  we  are  troubled 
considerably  with  the  Asterionella.  Our  temperature  in  the  win- 
ter time  gets  very  close  to  freezing,  33  to  35  degrees,  and  in  the 
summer  as  high  as  from  70  to  75  degrees,  but  it  is  at  what  you 
might  call  the  period  of  the  lake  turnover  that  we  are  most  seriously 
affected  by  the  growth. 

This  last  year  was  the  worst  season  we  have  ever  had.  The 
period  lasted  nearly  two  months,  from  May  first  to  July  first,  but 
when  the  temperature  of  the  water  reached  above  55  degrees  we 
had  a  very  sudden,  practically  complete,  disappearance  of  the 
Asterionella. 

Mr.  Clark.  At  the  present  time  [September]  the  temperature 
of  the  water  at  South  Norwalk  is,  I  suppose,  as  high  as  it  gets  dur- 
ing the  year.  I  don't  know  what  its  temperature  is,  but  the  City 
Lake  Reservoir  is  now  a  nice  green  color  through  growths  of  Aphani- 
zomenon,  —  not  odor-producing  except  by  decay,  but  it  is  very 
thick  in  the  water  at  the  present  time,  and  of  course  clogs  the  filters 
as  much  as  any  organism. 

Mr.  Allen  Hazen.*  I  think  the  author  deserves  our  com- 
mendation for  his  part  in  producing  one  of  the  most  complete 
plants  for  removing  tastes  and  odors  that  has  ever  been  built. 
And  it  is  also  well  that  this  paper  has  been  presented  now  because 
it  calls  attention  to  a  very  important  problem  in  treating  waters 
to  improve  their  physical  properties,  by  removing  tastes  and  odors. 
That  is  one  of  the  things  that  I  have  had  the  pleasure  of  talking  to 
the  Association  about  from  time  to  time  in  years  gone  b}^  until 
you  must  be  tired  of  hearing  about  it.  But  it  is  something  I  be- 
lieve in  very  thoroughly.  Treating  water  for  disease-producing 
properties  is  all  well  enough,  but  it  is  very  important  to  remove 
these  objectionable  qualities,  and  none  of  these  are  more  bother- 

*  Civil  Engineer,  New  York,  N.  Y. 
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some  than  tastes  and  odors,  and  it  is  veiy  well  worth  while  to 
spend  the  necessary  money,  which,  after  all,  is  a  comparatively 
small  amount,  and  clean  up  the  water  until  the  tastes  and  odors 
disappear,  and  to  make  it  just  as  attractive  in  every  way  as  spring 
water.  This  is  something  that  has  been  done  in  a  few  cases  and 
it  needs  to  be  done,  and  I  feel  sure  is  going  to  be  done,  in  a  great 
many  others. 

Mr.  S.  S.  Hatch.*  I  am  nothing  of  a  chemist;  I  know  nothing 
of  chemistry.  But  we  have  a  very  efficient  man  at  the  filter,  and 
I  can  say  to  you  that  the  filter  not  only  takes  away  the  odor  and 
the  taste,  but  all  our  doctors  in  South  Norwalk  tell  me  that  their 
incomes  have  been  reduced  at  least  $20  000  per  annum  and  that 
they  have  nearly  forgotten  how  to  take  care  of  bowel  complaints, 
they  have  so  few  of  them  in  South  Norwalk.  One  of  the  druggists 
said  that  the  call  for  bowel  medicines  had  stopped  on  account  of 
this  filter.     Of  course  we  have  no  fear  at  all  of  typhoid. 

We  are  very  careful  in  the  management  of  the  filter.  The  origi- 
nal cost  of  it  was  about  $100  000;  the  houses  that  the  men 
live  in  and  other  improvements  added  $20  000  to  the  cost  of  the 
plant.  The  interest  and  the  expense  all  told  is  about  $10  500  a 
year;  less  than  90  cents  per  capita  per  year.  We  did  not  make 
any  change  in  the  rate  for  water  on  account  of  it.  We  have  a 
small  net  income  from  the  plant. 

Mr.  Daniel  D.  Jackson. f  The  percentage  of  wash  water  to 
wash  the  filters  is  what? 

Mr.  Hatch.  At  the  present  time  we  are  raking  the  sand  and 
are  using  raw  water;  as  we  have  plenty,  we  do  not  measure  the 
amount.  It  comes  in  by  gravity  and  is  kept  about  4  in.  deep. 
The  men  rake  the  sand,  the  scum  rises  and  flows  off  in  a  quick 
current.  We  use  a  dashboard.  Perhaps  the  opening  will  be, 
between  two  columns,  12  ft.  It  makes  a  very  quick  current  and 
goes  out  into  a  drain.  In  the  spring  the  sand  that  has  been  taken 
out  (about  1  500  yd.)  is  washed  in  a  washing  machine  and  re- 
placed. We  stop  raking  in  October.  We  have  a  little  box,  about 
10  ft.  square,  high  enough  to  give  us  pressure,  and  that  water  is 
cleaned  through  the  sand  in  that  box.     The  water  in  the  reservoir 

*  Water  Commissioner,  South  Norwalk,  Conn, 
t  Of  Columbia  University,  New  York. 
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at  that  time  is  in  pretty  fair  condition.  It  is  in  March,  right  after 
the  ice  gets  out  of  the  sand,  that  we  wash  and  return  it.  I  think 
we  take  about  200  000  gal.  of  water  per  section  for  washing,  by 
raking,  but  it  is  not  filtered  water.  The  machines  use  about  100 
gal.  per  cubic  yard  of  sand. 

Mr.  L.  M.  Hastings.*  I  would  like  to  ask  about  cleaning 
the  sand  in  the  filter.  Have  you  any  idea,  Mr.  Clark,  how  much 
water  it  takes  for  washing  the  sand?  Either  in  gallons  or  per 
cent,  of  water  filtered? 

Mr.  Clark.  The  sand  is  washed  as  follows:  Water  flows  into 
each  section  and  is  flushed  across  the  surface  of  the  sand  while  the 
sand  is  being  stirred  by  rakes  in  the  hands  of  workmen,  and  then 
goes  out  through  a  drain  on  the  other  side  of  the  filter,  carrying  the 
dirt  with  it.  There  are  baffles  placed  across  the  sand  so  as  to 
make  a  fairly  strong  current  of  water  over  the  section  of  the  filter 
being  washed. 

The  frequency  of  washing  depends  altogether  on  the  quality  of 
the  water  going  through.  I  think  that  the  shortest  run  was  some- 
thing like  eleven  days  in  1915.  The  longest  was  perhaps  five  or 
six  times  that  amount. 

The  water  is  really  of  no  value  that  they  use  in  cleaning.  It  is 
the  reservoir  water,  and  they  always  have  enough.  They  don't 
use  filtered  water.  We  do  not  know  how  much  water  is  used  for 
washing. 

Mr.  Allen  Hazen.  I  can  answer  some  of  the  questions  from 
our  experience  in  operating  several  plants.  They  have  been 
running  for  the  last  few  years,  and  the  water  used  for  washing 
the  sand  usually  runs  from  one  fourth  to  one  half  of  one 
per  cent. 

Mr.  J.  M.  DiVEN.f  In  the  southern  states  algae  troubles  last 
for  much  longer  periods  than  in  the  cooler  climate  of  the  North,  as 
the  cold  weather  either  kills  them  or  causes  them  to  seek  shelter 
in  deep  water,  where  they  do  not  cause  much  trouble,  just  spend 
the.  winter  multiplying  and  preparing  to  give  trouble  when  the 
warm  weather  comes.  At  C'harleston,  S.  C,  where  the  supply  is  an 
impounded  surface  water,  they  were  active  for  nine  or  ten  months 

*  City  Engineer,  Cambridge,  Mass. 
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each  year,  some  years  failing  to  take  any  vacation,  keeping  on  the 
job  the  entire  year. 

In  one  case,  in  a  northern  cit}^,  the  trouble  came  so  suddenly 
and  the  water  got  so  bad  that  it  was  impossible  to  operate  the  me- 
chanical filters,  as  they  clogged  up  faster  than  they  could  be  cleaned, 
and  the  filter  tubs,  rakes,  etc.,  became  plastered  with  a  sticky 
and  stinking  mass.  The  men  who  attempted  to  operate  the  me- 
chanical rakes  to  keep  the  filter  beds  opened  were  nauseated  and 
unable  to  attend  to  the  work  for  more  than  a  few  minutes  at  a  time. 
Asterionella  and  Anabaena  were  the  principal  offenders  in  this 
case. 

Mr.  Jackson.  My  question  regarding  the  wash  water  had 
reference  to  some  experience  which  we  had  in  the  Department  of 
Water  Supply  in  filtering  water  containing  large  amounts  of  algae. 
We  had  on  one  of  our  filters  a  very  large  growth  of  algae,  and  we 
tried  the  treatment  with  copper  sulphate.  The  amount  of  wash 
water  which  we  were  using  at  times  for  the  plain  filtration  of  that 
water  ran  as  high  as  25  per  cent.,  a  practically  impossible  amount 
to  use.  It  often  ran  as  high  as  8  and  10  per  cent.,  due  to  the  thick 
growths  which  occurred  in  the  pond  from  which  we  were  filtering 
the  water.  Now,  it  would  be  perfectly  feasible  to  filter  a  small 
amount  of  water,  water  containing  a  small  amount  of  algae,  either 
by  sand  filtration  or  by  mechanical  filtration.  But  when  it  comes 
to  very  heavy  growths,  operation  under  very  bad  circumstances 
may  completely  stop.  So  we  were  obliged  to  use  copper  sulphate 
in  connection  with  filtration.  And  on  one  occasion,  when  the 
wash  water  ran  as  high  as  25  per  cent.,  we  added  copper  sulphate 
to  the  pond,  and  in  the  course  of  a  few  da3^s  the  wash  water  dropped 
down  to  about  3  per  cent.,  which  was  the  normal  amount.  The 
point  which  I  wanted  to  make  was  that  on  many  waters  it  would 
be  impossible  to  treat  by  filtration,  either  by  slow  sand  or  mechani- 
cal, without  also  the  accessory  use  of  copper  sulphate.  I  would 
like  to  ask  Mr.  Clark  if  copper  sulphate  was  necessitated  at  South 
Norwalk  at  any  time.- 

Mr.  Hatch.  The  experiment  with  copper  sulphate  was  made 
at  two  different  times  in  one  year,  —  in  the  early  season  and  about 
October.  We  found  our  filter  clogging  in  about  six  days,  the  algae 
growth  was  so  heavy.     We  tried  it  once  and  we  had  a  very  ludi- 
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crous  effect.  It  killed  a  few  fish  in  the  pond,  and  people  thought 
that  everything  was  polluted.  The}'  called  it  a  cesspool,  and  at 
one  of  the  factories  said  they  found  the  copper  in  their  chemical 
solution.  Mr.  Newland,  state  chemist,  could  find  no  trace.  So 
we  never  tried  it  again,  but  when  we  did  use  it  the  filter  ran  twenty 
days  instead  of  six  without  cleaning.  But  now  we  spend  the 
money  in  labor  instead  of  using  the  copper. 

Mr.  Diven.  Mr.  Clark,  what  was  the  number  of  algae  in  the 
water? 

Mr.  Clark.  I  don't  know.  I  have  had  several  samples  that 
ran  up  to  thirteen  or  fourteen  thousand  to  the  cubic  centimeter. 
I  think  this  organism  found  the  other  day  was  five  or  six  thousand 
per  culiic  centimeter,  —  very  thick,  very  green.  It  looked  like  a 
green  pea  soup. 

Mr.  Diven.  The  speaker  agrees  with  Mr.  Jackson  that  water 
may  be  so  heavily  impregnated  with  algae  that  it  would  be  im- 
possible to  treat  it  by  that  process,  as  the  filters  would  clog  up 
faster  than  they  could  be  raked,  even  if  men  could  enter  and  re- 
main in  the  chambers  to  operate  the  rakes.  The  stench  from 
some  forms  of  algae  would  make  this  almost  impossible. 

Mr.  Clark.  I  have  had  experience  only  with  reservoirs  at 
Ludlow  and  South  Norwalk.  Sand  filtration  seemed  to  go  all 
right  at  these  places. 

Mr.  Dunwoody.  That  was  the  experience  we  had  with  the 
Asterionella.  The  beds  were  not  running  more  than  two  hours 
l)efore  there  was  a  complete  plugging  up,  and  a  wash  was  required. 
With  a  wash  every  two  hours  our  wash  water  got  up  as  high  as 
eight  per  cent.  We  were  right  on  the  verge  of  using  copper  sul- 
phate. We  did  not  want  to  use  it  unless  it  became  a  necessity, 
and  if  the  growth  had  gotten  any  worse  we  would  have  had  to 
do  it,  but  the  conditions  gradually  got  better  from  that  time  on 
because  of  the  increase  in  temperature. 

Mr.  Hazen.  It  may  be  well  to  put  on  record  that  at  the  Lud- 
low reservoir,  to  which  Mr.  Clark  has  referred,  the  water,  which 
is  certainly  as  rich  in  algae  as  in  almost  any  reservoir  there  is, 
was  filtered  successfully  in  the  summer  for  quite  a  number  of 
years  through  sand  filters,  and  in  that  case  no  wash  water  or  copper 
sulphate  was  used  at  all.      The  surface  of  the  sand  was  raked  and 
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sometimes  strained,  and  it  never  received  any  other  treatment. 
The  filters  are  uncovered. 

Mr.  William  Wheeler*  (ivith  addition  by  letter).  In  Winches- 
ter, Ky.,  the  water  was  taken  from  an  impounding  reservoir  built 
in  1890  on  a  creek  in  the  fertile  Bluegrass  region  of  Kentucky  where 
the  underlying  formation  is  of  limestone.  The  reservoir,  originally 
of  only  some  thirty  million  gallons  capacity,  was  increased,  in 
1894  and  1903,  to  about  eighty-five  million  gallons.  It  has  a 
watershed  of  about  twelve  square  miles,  from  which  the  creek  flow 
varies  from  torrential  volumes  following  heavy  cloud-bursts  to 
scarcely  measurable  quantities  at  times  in  the  driest  seasons. 

Odor  and  taste  in  the  water  first  appeared  appreciably  during 
the  hot  summer  months  two  or  three  years  after  the  works  were 
built,  and  continued  in  variable  but  usually  increasing  degrees 
thereafter.  The  installation  in  1893  or  1894  of  mechanical  filters 
of  the  pressure  type,  supplemented  by  aeration,  mitigated  quite 
effectively  the  objectionable  conditions  in  the  water  supplied, 
until  1901,  when  the  odor  of  decaying  organisms  and  their  secre- 
tions became  extremely  offensive,  —  substantially  all  public  water 
supplies  in  that  region  experiencing  the  same  trouble.  Better 
seasonal  conditions  in  1902,  aided  by  further  provision  for  aeration 
and  for  taking  water  where  least  infected  with  the  offending  or- 
ganisms, made  the  service  of  that  summer  fairly  acceptable. 

A  sample  of  the  raw  water  collected  early  in  September,  1901, 
and  examined  two  weeks  later  at  Boston  by  Horatio  N.  Parker, 
was  found  by  him  to  contain  very  large  quantities  of  Clathrocystis 
and  Oscillaria,  with  much  smaller  numbers  of  Crenothrix  and  of 
various  protozoa,  and  with  minimum  numbers  only  of  Anabaena. 
Doubtless  great  changes  in  relative  numbers  of  the  different  algal 
forms  contained  in  this  sample  had  occurred  between  the  time  of 
its  collection  and  that  of  its  examination,  especially  as  it  had  been 
forwarded  without  icing  or  other  thermal  protection. 

Conditions  were  somewhat  less  acute  in  1902,  and  the  effects  of 
the  algae  yielded  fairly  well  to  aeration  and  filtration. 

Early  in  1903,  on  learning  of  the  successful  use  in  the  South,  of 
copper  to  rid  watercress  beds  of  Spirogyra,  we  secured  the  coopera- 
tion of  the  United  States  Department  of  Agriculture  in  making 

*  Consulting  Engineer,  Boston,  Mass. 
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what  appears  to  have  been  the  first  apphcation  of  copper  sulphate 
to  prevent  algal  growths  and  to  neutralize  their  effects  in  a  reser- 
voir for  public  water  supply. 

Algae  first  appeared  that  year  in  sufficient  numbers  to  cause 
objectionable  odor  and  taste  on  or  about  the  first  of  July,  and 
microscopical  examinations  made  during  the  ensuing  weeks  — 
before  applying  the  treatment  —  showed  averages  per  cubic  centi- 
meter of , — •  Anabaena,  7  400 ;  Clathrocystis,  1  100;  and  Eudorina, 
200.  The  treatment  was  applied  July  9,  by  placing  copper  sul- 
phate in  a  coarse  sack  which,  suspended  from  a  rowboat,  was  drawn 
to  and  fro  over  the  surface  of  the  reservoir,  giving  especial  atten- 
tion to  those  parts  which  seemed  to  contain  the  largest  number  of 
organisms.  There  were  then  about  25  000  000  gal.  of  water  in  the 
reservoir,  to  which  about  50  lb.  of  copper  sulphate  were  applied, 
or  at  the  rate  of  one  part  to  4  000  000. 

Counts  from  surface  samples  showed  the  quick  effect  of  the 
treatment  upon  the  number  of  filaments  of  Anabaena  Flosaquae 
thus: 

Filaments 
per  c.c. 

July    6  (before  treatment) 3  400 

July  10  (after  treatment) .54 

July  11  (after  treatment) 8 

July  13,  1.5,  and  20 0 

Meanwhile  the  original  closed  or  pressure  filters  had  just  been 
replaced  b}^  a  new  and  larger  installation  of  mechanical  filters  of 
the  gravity  type,  with  simple  appliances  for  some  incidental  aera- 
tion of  the  water  as  it  was  discharged  from  the  coagulation  basin 
into  the  filters. 

After  treatment  the  water  in  the  reservoir  soon  cleared,  and  as 
filtered  and  supplied  to  consumers  was  substantially  free  from 
odor  during  the  remainder  of  the  season.  The  following  year,  1904, 
one  application  only  of  copper  sulphate  was  given,  as  that  sufficed 
to  prevent  a  recurrence  of  the  algal  growths  during  the  season.  In 
that  year,  a  second  reservoir  of  about  105  000  000  gal.  capacity 
was  built  on  a  fork  draining  about  half  of  the  same  watershed. 
This  reservoir  has  been  less  affected  by  algae,  and  has  been  treated 
less  frequently  than  reservoir  No.  1. 
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The  records  of  the  copper  sulphate  treatment  from  1904  to  1909, 
inclusive,  are  incomplete,  but  it  has  been  the  practice  to  treat 
reservoir  No.  1  each  year  on  the  first  appearance  of  algae  in  signi- 
ficant numbers.  During  the  last  six  years,  1910  to  1915,  the  first 
application  has  ranged  from  May  27  in  1911  to  August  8  in  1910. 
The  average  time  of  first  applications  each  year  has  been  about 
June  18;  and  of  the  latest  ones  each  year,  when  applied  more  than 
once,  about  September  2. 

The  number  of  applications  in  each  year,  —  1910  to  1915,  in- 
clusive, —  most  of  which  were  dry  years,  —  has  ranged  from  one 
in  1913  to  four  in  1911  (rainfall  in  May,  June,  and  July  was  2.63 
in.,  and  in  August  2.51  in.),  with  a  total  of  sixteen  in  the  six  years. 
Four  of  these  dosings  were  substantially  lost  or  neutralized  by 
rainfall  and  stream  flows  that  immediately  followed  their  applica- 
tion. The  average  dose  was  at  the  rate  of  one  part  to  3  000  000 
of  stored  water.  Under  like  meteorological  conditions,  there  ap- 
pears to  have  been  very  little,  if  any,  progressive  change  in  the 
amount  of  copper  sulphate  required  from  year  to  year. 

The  reservoirs  have  from  the  beginning  been  stocked  with  fish 
by  a  local  fish  and  game  club;  and  the  superintendent  reports  that 
injurious  "  effect  of  the  treatment  on  the  fish  has  been  noticed 
but  once  since  the  treatment  was  begun,  which  was  in  1911,  when 
some  few  were  killed.  These  were  of  the  new  light  or  crappie 
species,  and  I  attribute  their  destruction  to  the  heavy  dosing  made 
along  the  edges.  .  .  .  The  water  is  stocked  with  St.  Mary  bass, 
new  lights  or  crappies,  brim,  and  catfish,  which  have  come  in  from 
the  creeks.  Each  year  the  catfish  die  in  large  numbers  at  the 
spawning  season  in  early  May,  but  this  occurred  before  the  copper 
sulphate  was  applied." 
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REASONS  FOR  ADOPTING  THE  SOLID-WEDGE  TYPE  OF 
VALVE    IN    THE    BOSTON   WATER   DEPARTMENT. 

BY  GEORGE  H.  FINNERAN,  SUPERINTENDENT  DISTRIBUTION  BRANCH 
WATER   DEPARTMENT,    BOSTON,    MASS. 

[Read  September  8,  1915.] 

It  is  not  my  purpose,  in  this  short  paper,  to  enter  into  a  detailed 
or  technical  discussion  of  the  merits  or  demerits  of  either  the  solid- 
wedge  or  double-disk  type  of  valve.  Nor  do  I  intend  to  particu- 
larize as  to  the  various  makes.  That  would  be  a  very  large  task, 
because  of  the  many  kinds  and  great  variety  of  mechanism. 
Furthermore,  it  would  tend  towards  the  identification  of  the  valves, 
and  that  of  course  is  not  within  the  scope  of  this  organization.  I 
shall  simply  make  a  few  general  statements  which  I  trust  will 
show  the  principles  that  influenced  the  officials  of  the  Boston 
Water  Department  in  deciding  to  continue  the  manufacture  and 
use  of  the  solid-wedge  type  of  valve. 

A  valve,  as  generally  considered  by  water-works  men,  consists 
in  the  main  of  three  parts,  the  casing  or  body,  the  stem,  and  the 
gate  or  plug.  There  appears  to  be  a  general  uniformity  or  stand- 
ard in  the  design  of  the  casing  and  stem,  but  in  the  matter  of  plug 
or  gate,  for  some  reason  or  other,  a  number  of  the  manufacturers 
have  abandoned  the  old  solid-wedge  type  of  plug  and  have  taken 
up  with  many  and  varied  kinds  of  loose  double  disks  with  more 
or  less  complex  expansion  devices. 

Some  of  the  manufacturers  produce  more  than  one  design  of 
actuating  mechanism.  This  fact  might  possibly  indicate  that 
there  was  doubt  as  to  which  design  was  the  most  efficient. 

Whether  or  not  the  departure  from  the  old  solid  wedge  was  the 
result  of  a  demand  on  the  part  of  the  consumer  for  something 
different  would  be  interesting  to  know. 

While  it  might  ])e  inferred  b}^  the  title  of  this  paper  that  the 
adoption  of  the  solid-wedge  type  of  valve  by  the  Boston  Water 
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Department  was  of  recent  occurrence,  as  a  matter  of  fact  that 
type  of  valve  has  been  in  use  since  the  present  system  of  piping 
was  laid  in  1848,  a  period  of  sixty-seven  years. 

The  Boston  Water  Department  manufactures  its  own  gates, 
hydrants,  bronze  fittings,  etc.  All  its  fixtures  are  made  from  its 
own  special  designs,  and  while  in  a  general  way  they  are  similar 
to  those  used  by  various  water  works  throughout  the  country,  yet 
in  detail  they  differ. 

Recently,  new  sets  of  designs  and  patterns  have  been  prepared 
for  the  manufacture  of  valves  from  4  in.  to  12  in.  in  diameter. 
The  question  of  changing  from  the  solid  wedge  to  the  loose  double 
disk  was  considered,  with  the  result  that  we  adhered  to  the  solid 
wedge  with  some  slight  modifications  in  its  structure  for  the  ulti- 
mate purpose  of  reducing  its  cost. 

We  were  influenced  towards  this  decision  by  several  reasons, 
principal  among  which  are  the  following: 

Sixty-seven  years  of  experience  with  the  solid  wedge  has  de- 
veloped no  convincing  reason  why  we  should  discontinue  its  use. 

No  inherent  weakness  or  objectionable  characteristics  have  been 
observed  during  that  time. 

It  has  done  its  work  satisfactorily.  Whenever  it  becomes  neces- 
sary to  remove  from  service  a  gate  with  a  plug  of  this  type,  it  is 
usually  because  of  some  defect  in  a  part  other  than  the  plug. 

This  good  record  of  durability  and  satisfactory  service  of  the 
solid  wedge  is  nothing  more  than  a  demonstration  of  the  proposi- 
tion that  in  things  mechanical,  simplicity  should  be  the  preeminent 
characteristic,  and  it  is  only  through  that  property  that  true  ex- 
cellence is  attained. 

The  sohd  wedge  can  certainly  lay  claim  to  being  mechanically 
simple,  and  it  is  in  this  quality  that  we  find  its  greatest  virtue. 

It  is  claimed  by  those  favoring  the  double-disk  type  of  valve  in 
preference  to  the  sohd  wedge  that  with  the  former  a  double  seat- 
ing is  assured  when  the  gate  is  closed,  with  consequently  increased 
tightness,  and  with  very  little  frictional  resistance  on  the  way 
down. 

In  considering  the  merits  of  the  respective  types,  we  were  im- 
pressed by  the  fact  that  there  is  practically  but  one  seat  to  a  valve 
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in  operation,  and  that  is  the  seat  opposite  to  the  side  on  which  the 
pressure  is.  Hence  the  superfluousness  of  the  second  disk  in  the 
double  seating  plug  of  the  expansion  type. 

Consider,  for  example,  a  closed  16-in.  gate  sustaining  an  un- 
balanced pressure  of  100  lb.  to  the  square  inch.  Here  we  have  a 
stress  of  about  10  tons  forcing  the  valve  against  its  seat.  Why  not 
allow  this  great  force  to  seat  the  wedge  tightly  instead  of  opposing 
it  with  a  counter  force  generated  by  the  expansion  of  the  disks, 
as  in  the  double-disk  type  of  gate?  I  have  serious  doubts  if  under 
the  conditions  just  described  that  a  double-disk  plug  seats  tightly 
on  both  sides.  I  have  fears  for  the  strength  of  the  toggle  or  ex- 
panding device  against  such  a  tremendous  strain.  It  may  be 
that  a  gate  of  that  type  realizes  its  primary  purpose  more  by  being 
forced  against  one  seat  by  the  pressure  than  by  closing  against 
both  seats  through  its  own  expansion,  as  it  theoreticall}^  is  sup- 
posed to  act. 

In  a  hydrant  designed  and  built  for  the  high-pressure  fire 
service  of  Boston,  the  nozzles  are  controlled  by  bronze  valves 
consisting  of  a  single  solid  disk,  loosely  seated  but  closing  tightly 
when  the  pressure  is  admitted  to  the  barrel.  Although  these 
valve  disks  control  an  orifice  only  3  in.  in  diameter,  they  prove 
the  efficiency  of  the  solid  wedge  by  seating  tightly  through  the 
force  of  an  unbalanced  pressure. 

I  am  informed  that  in  San  Francisco  they  have  advanced  so  far 
on  the  premise  that  there  is  but  one  seat  to  a  valve  in  action  that 
they  are  building  a  valve  with  parallel  seats  and  a  solid  plug 
without  a  taper,  thus  depending  entirely  upon  the  pressure  to  seat 
the  valve. 

What  moved  us,  furthermore,  in  this  matter  was  the  uncer- 
tainty of  the  double-disk  type  of  valve  overcoming  rust  and  other 
solid  matter  that  is  generally  encountered  between  the  seats  of 
valves  infrequently  operated,  as  against  our  ability  to  dislodge 
with  the  solid  wedge  an  amount  of  such  matter  sufficient  to  allow 
of  the  tight  closing  of  the  valve  by  manipulating  the  wedge; 
that  is,  raising  and  lowering  it  and  crushing  and  washing  out  the 
obstructing  material.  The  horizontal  movement  of  the  expanding 
disks  is  more  apt  to  drive  the  matter  against  the  seats  with  such 
force  as  to  adhere  and  j^rcvent  tight  closing. 
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What  also  impressed  us  was  the  habihty  of  the  double-disk 
plug,  by  reason  of  its  looseness  when  not  seated,  to  vibrate  during 
a  quick  rate  of  flow,  water  hammer,  air  pockets,  or  any  other 
condition  that  would  cause  a  disturbance  in  the  main.  The 
sound  of  this  vibration  might  enter  houses  nearby  and  prove 
objectionable,  but  its  serious  possibility  is  the  wear  on  the  more 
or  less  complicated  mechanism  of  the  disks.  I  know  of  cases 
where  the  rings  on  the  disks  have  been  shaken  off  by  vibration. 

One  of  its  weakest  spots,  in  my  opinion,  is  the  opportunity 
for  rust  or  other  matter  to  accumulate  between  the  disks  and 
adhere  to  the  various  knuckles,  hinges,  wedges,  trunnions,  loose 
joints,  etc.,  of  the  operating  mechanism,  clogging  them  and  inter- 
fering with  their  action.  In  waters  of  heavy  lime  content,  or 
those  with  a  corrosive  constituent,  the  effect  would  tend  practi- 
cally to  put  the  valve  out  of  commission. 

While  in  theory  it  is  very  attractive  to  contemplate  the  loose 
double-disk  plug  descending  without  frictional  resistance  and 
upon  reaching  the  bottom  to  expand  to  a  water-tight  bearing  on 
both  sides,  yet  it  strikes  me  that  such  smooth  action  a  great  many 
times   is   in   theory  only. 

In  a  large  city  where  a  gate  is  frequently  operated  and  subject 
to  rough  usage  by  unskilled  and  indifferent  men  who  are  inclined 
to  apply  a  surplus  of  energy  to  their  work,  a  plain  rugged  type  of 
valve  is  almost  a  necessity. 

After  an  earnest  consideration  of  the  various  points  for  and 
against  both  types,  we  felt  that  we  could  not  very  well  improve 
on  the  simple,  sturdy,  and  honest  solid  wedge  that  descends  into 
its  seat,  filling  the  same  tightly  and  performing  the  chief  function 
of  a  valve,  viz.,  the  absolute  stoppage  of  the  flow.  Without 
complex  mechanism  its  very  simplicity  insured  its  durability  and 
reliability  of  action,  and  its  record  of  many  years'  service  without 
defect  or  weakness  confirmed  its  claim  for  all  those  good  qualities. 

The  wisdom  of  changing  from  a  fixture  of  proved  satisfaction 
to  one  which  possessed  possibilities  of  uncertain  performance 
seemed  doubtful  to  us,  hence  our  decision  to  continue  with  the 
solid  wedge. 

The  object  of  this  paper,  however,  is  to  elicit  a  discussion  among 
the  members  present  with  a  purpose  of  setting  forth  any  good  or 


FINNERAN.  105 

bad  points  in  connection  with  both  types  of  valve  that  have  not 
been  mentioned  by  the  writer.  I  am  sure  that  there  are  other 
angles  from  which  this  "  wedge  question  "  ina,y  be  observed,  and 
in  the  minds  of  those  present  there  are  possibly  more  weighty 
factors  and  convincing  reasons  why  one  type  of  valve  is  superior 
to  the  other. 

(For  discussion  of  this  paper  see  page  110.) 
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REASONS   FOR   USING   THE   DOUBLE-DISK   TYPE   OF 

VALVE. 

BY  J.  M.  DIVEN,  SUPERINTENDENT  WATER  WORKS,  TROY,  NEW  YORK. 

[Read  September  8,  191o.] 

The  writer  having  had  no  recent  experience  with  sohd-wedge 
valves,  in  order  to  get  some  knowledge  of  them  as  now  manufac- 
tured, referred  to  the  catalogues  of  valve  makers.  Of  the  many 
catalogues  consulted,  three  only  listed  and  described  solid- wedge 
valves,  and  these  three  manufacturers  also  made  parallel  seat  valves. 
The  solid-wedge  type  seemed,  therefore,  to  be  in  a  minority,  so  far 
as  the  manufacturers  are  concerned.  The  class  of  goods  put  on  the 
market  is  a  good  indication  of  the  demand,  for  manufacturers  are 
always  trying  to  meet  the  demand,  and  to  manufacture  what  they 
can  sell.  The  writer's  personal  knowledge  of  water-works  prac- 
tice is  that  comparativel}^  few  solid-wedge  valves  are  used,  and, 
as  water-works  men  everywhere  are  looking  for  what  is  best,  it 
does  not  seem  that  solid-wedge  valves  would  have  been  overlooked 
or  rejected  by  them  if  better  than,  or  even  equal  to,  the  parallel 
disk  type.  The  fact  that  a  valve  or  other  appliance  has  been  used 
for  a  long  term  of  years  and  has  given  satisfaction  is  not  positive 
proof  that  something  different  might  not  be  an  improvement. 

The  writer  has  used  th^  double,  or  parallel,  disk  type  of  valve 
because  to  him  it  seemed  to  -^be  of  better  mechanical  construction, 
to  offer  less  trouble  in  operation,  and  less  wear.  In  the  operation 
of  double-disk  valves  there  is  practically  no  friction,  and  such  as 
there  is  does  not  come  on  the  water-tight  portion,  but  on  the  wedge 
nuts,  where  wear  in  no  way  affects  the  tightness  of  the  valve. 

The  solid-wedge  valve  came  to  us  from  England  in  the  early 
days  of  water-works  construction,  when  we  imported  most  of 
our  cast-iron  pipe  from  Scotland.  But  it  was  not  many  years 
before  our  manufacturers  departed  from  these  patterns  and 
devised,  first,  a  modified  wedge  valve,  one  with  the  wedge  prin- 
ciple but  double  disks,  forced  to  their  seats  by  inside  wedge  action. 
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About  the  first  of  this  type  was  the  Peet  Valve  (Fig.  1),  not 
now  manufactured.  Tliis  was  a  taper  seat  valve,  of  the  wedge 
principle.  The  valve  was  fitted  with  a  pear-shaped  wedge,  the 
large  end  downward  with  an  ex- 
tending spindle  which  engaged 
with  a  projection  cast  in  the 
body  between  the  seats,  so  that 
as  the  valve  closed  the  spindle 
came  in  contact  with  the  pro- 
jection in  the  case,  and  the  fur- 
ther travel  of  the  disks  caused 
the  wedge  to  force  them  to  their 
seats.  Some  of  the  double-disk 
valves  in  use  to-day  are  develop- 
ments of  this  type. 

In  operating  a  parallel  disk 
valve,  the  instant  the  pressure 
on  the  disks  exerted  by  the 
wedge  nuts  is  released,  they  are 
perfectly  free  to  rise  from  their 
seats;  there  is  absolutely  no 
sliding  or  rubbing  motion  be- 
tween the  seat  rings  and  the 
disk  rings,  the  parts  of  all  valves 
that  make  them  tight  when  in 
good  condition,  and  cause  leaks 
when  worn  or  injured.  In  clos- 
ing the  valves  the  disks  are  free 
until  in  their  place  opposite  the 
seat  ring,  when  the  only  motion 
is  an  outward  pressure  against  the  seats,  without  any  sliding 
or  rubbing  to  cause  wear  on  the  gate  rings.  The  only  possible 
grinding  or  rubbing  of  seats  is  when  the  pressure  is  all  on  one 
side  of  the  valve.  A  little  care  in  the  operation  of  valves  soon 
relieves  this  as  a  very  small  opening  will  quickly  equalize  the 
pressure;  with  large  size  valves  this  is  accomplished  by  the  by- 
pass, saving  wear  on  the  main  valve. 

Various  devices  have  l^een  contrived  by  valve  manufacturers 
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for  expanding  the  disks  to  their  seats,  each  claiming  superiority 
in  this  particular.  But  we  who  use  double-disk  valves  believe 
that  while  the  disks  are  free  to  adjust  themselves  to  their  seats 
there  should  be  as  little  lost  motion  as  possible  between  the  disks 
and  seats,  so  that  when  operated  the  disks  are  in  practical  con- 
tact with  the  seats,  thus  shearing  off  any  accumulation  of  rust, 
sediment,  or  foreign  substance  of  any  kind,  and  insuring  perfect 
contact  when  the  valve  is  closed.  In  all  of  the  better  makes  of 
valves  both  the  seats  and  contact  part  of  the  disks  are  of  non- 
corrodible  metal,  so  that  there  is  no  rusting  of  the  contact  parts 
to  affect  the  tightness  of  the  valves.  Both  types  are  wedge  valves, 
depending  on  wedge  action  for  tightness;  the  wedge  action  of  the 
double-disk  type  being  accomplished  by  the  wedge  nuts,  which 
take  all  of  the  rubbing  or  grinding  wear,  while  in  the  solid  wedge 
type  this  wear  comes  on  the  gate  or  disk  and  seat  rings.  Wear 
on  the  wedge  nuts,  which  are  made  of  hard  material,  will  be  less 
than  on  the  softer  metal  of  the  packing  rings,  and  will  not  affect 
the  water-tightness  of  the  valve.  This  wear  is  also  easier  to 
repair  than  that  on  the  packing  rings,  especially  the  seat  rings. 
Wear  on  the  seat  rings  of  the  solid-wedge  type  of  valve  seems  to 
the  writer  to  be  sure,  in  time,  to  cause  leaky  valves.  Of  course 
the  clearance  at  the  bottom  of  gate  chamber  allows  for  wear,  per- 
mitting the  gate  to  go  down  until  it  is  tight;  but  such  wear  would 
have  to  be  absolutely  uniform  and  equal  on  both  the  wedge  and 
seat  to  leave  a  tight  valve. 

As  to  the  mechanical  design  of  the  solid-wedge  type;  is  there 
not  difficulty  in  machining  both  bodies  and  plugs  to  a  standard? 
Undoubtedly  there  are  special  machines  for  this  purpose,  and 
possibly  the  difficulty  has  been  overcome;  but  has  it  been  over- 
come to  the  extent  of  making  all  parts  interchangeable?  Is  it 
not  necessary  still  to  fit  each  plug  to  its  own  body? 

Some  difficulties  in  this  respect  seem  to  have  been  encountered, 
as  various  devices  have  been  used  to  obviate  them,  such  as  casting 
the  bodies  in  two  sections  and,  after  machining,  bolting  them  to- 
gether with  the  plug  in  place,  and  using  a  lead  gasket  between  the 
flanges.  The  writer  does  not  know  how  satisfactory  this  proved, 
but  can  see  a  possibility  of  trouble  owing  to  the  distortion  of  the 
lead  gasket.     Another  device  tried  was  using  a  solid  body  and 
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casting  a  soft  metal  seat.  But  it  would  seeui  that  the  soft  seat 
would  have  a  short  usefulness. 

After  all,  is  not  the  wedge-shaped  double  disk,  or  even  the 
parallel  disk  type,  a  modification  of  the  wedge  intended  to  over- 
come the  difficulties  met  with  and  defects  found  in  the  solid-wedge 
type,  starting  with  the  Peet  valve  and  gradually  developing  into 
the  modern  double-disk  type  of  valve  in  general  use  to-day? 

An  objection  to  the  solid-wedge  type  is  the  fact  that  the  gates 
always  seat  in  the  same  place,  and  when  foreign  substance  is 
trapped  between  the  gate  and  the  seats  the  seats  would  become 
so  damaged  that  the  gate  would  leak.  In  parallel  seated  or 
double-disk  valves  the  gates  do  not  seat  twice  in  exactly  the 
same  place;  in  some  makes  the  disks  completely  revolve,  bringing 
always  a  different  part  to  the  seat.  Therefore,  should  solid 
matter  be  caught  between  the  gate  and  the  seats,  the  marring  will 
not  cause  serious  damage,  as  the  dent  in  the  disk  will  not  come 
opposite  the  corresponding  one  in  the  seat,  and  the  compensating 
feature  of  the  parallel  seat  valve,  permitting  a  certain  amount  of 
give,  takes  care  of  some  irregularities  in  the  contact  parts. 

Then  the  difficulty  in  repairing  a  bevel-seated  valve,  the 
replacing  a  marred  or  defective  ring,  is  of  quite  serious  moment. 
In  fact,  it  is  very  doubtful  whether  a  solid-wedge  valve  could  be 
reseated  without  cutting  it  out  of  the  pipe,  on  account  of  it  being 
almost  impossible  to  get  the  bevel  the  correct  angle  to  fit  the 
solid-wedge  gate.  In  other  words,  it  would  be  necessary  to  cut 
a  valve  out  of  the  pipe  and  return  it  to  the  manufacturers. 
Whereas,  in  the  case  of  a  parallel  seated  valve,  it  is  not  at  all  diffi- 
cult to  replace  a  seat  ring  when  the  valve  is  in  the  pipe,  and  should 
it  be  necessary  to  remove  it  from  the  pipe,  it  could  be  refaced  at 
any  general  machine  shop  in  the  town  or  citj^  in  which  the  valve 
is  located. 

Now,  it  will  be  urged  that  valves  are  seldom  used,  and  that  the 
wear  on  the  working  parts  would  be  very  slow  in  any  type  of  valve. 
This  in  the  main  is  true,  but  does  not  seem  to  be  a  good  argument 
in  favor  of  adopting  a  valve  that  will  not  stand  the  wear  of  fre- 
quent use,  all  other  things  being  equal. 

Mr.  Finneran  speaks  of  the  liability  of  the  double-disk  type 
of  valve  vibrating  in  operation,  opening  or  closing,  because  of 


110  REASONS    FOR    USING    DOUBLE-DISK   VALVE. 

the  looseness  of  the  disks  when  unseated.  As  hereinbefore 
mentioned,  the  double-disk  and  parallel  seat  valves  are  made  with 
the  least  possible  lost  motion,  consequently  the  looseness  is  not 
sufficient  to  cause  serious  vibration.  The  writer,  after  more 
than  forty  years'  experience  with  this  type  of  valve,  cannot  re- 
member any  such  action  of  sufficient  violence  to  be  even  noticeable. 
Is  it  not  a  fact  that  the  solid  wedges  are  loose,  having  a  consid- 
erable play  in  the  grooves,  until  near  their  final  seat?  Surely, 
if  they  were  a  close  fit  there  would  be  friction  between  guides  and 
wedge  during  the  entire  operation  of  opening  or  closing. 

The  continued  improvement  in  the  double-disk  type  has  been 
so  rapid,  and  the  service  given  by  it  so  satisfactory,  that  the  use 
of  the  solid  wedge  is  rarely  considered  except  in  old  installations, 
where,  probably,  the  newer  type  has  not  been  tried. 

The  writer  finds  no  record  of  a  manufacturer  of  parallel  seated 
or  double-disk  valves  changing  over  to  the  making  of  the  solid- 
wedge  type,  while  there  are  a  number  of  makers  of  solid-wedge 
valves  now  making  double-disk  valves  as  well  as  their  original 
type. 

One  might  infer  from  Mr.  Finneran's  paper  that  the  double- 
disk  type  of  valve  was  rather  new,  when  he  says  "  a  number  of 
manufacturers  have  abandoned  the  old  solid-wedge  type  plug  and 
taken  up  with  the  many  kinds  of  loose  double  disks."  It  is  true 
that  most  of  the  manufacturers  who  commenced  with  the  solid- 
wedge  type  are  now  making  the  double-disk  valves  also ;  but  there 
are  several  manufacturers  who  have  never  made  anything  but 
double-disk  or  parallel  seat  valves,  and  some  of  them  have  been 
in  business  over  half  a  century. 

DISCUSSION. 

Mr.  Finneran.  I  understood  Mr.  Diven  to  say  in  his  paper 
that  about  the  only  time  that  a  double-disk  valve  is  exposed  to 
frictional  resistance  is  while  opening  or  raising.  I  find  in  my 
experience  that  considerable  frictional  resistance  is  encountered 
in  closing  or  going  down.  When  closing  a  valve,  because  of 
a  break  in  the  main,  with  a  flow  of  water  out  through  the  opening, 
an  unbalanced  pressure  is  encountered  that  tends  to  force  the 
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wedge  with  great  stress  towards  the  opposite  seat.  As  the 
wedge  descends  into  the  water-way  witli  an  increasing  area 
exposed  to  pressure,  a  correspondingly  increased  frictional  resist- 
ance has  to  be  overcome.  This  friction  or  drag  is  on  the 
guides  until  the  wedge  has  almost  reached  the  bottom,  when  it 
is  transferred  to  the  seat  opposite  the  direction  of  pressure. 

Mr.  Diven  expressed  some  doubt  as  to  the  practicability  of 
having  the  angle  of  taper  correspond  in  the  wedge  and  seats. 
That  is  easily  accomplished  in  manufacture  by  having  a  special 
angle  or  taper  plate  fixed  to  the  lathe  so  that  plugs  and  seats  will 
have  their  faces  cut  at  exactly  the  same  taper. 

Then,  again,  he  speaks  about  the  rubbing  of  the  rings;  I  pre- 
sume he  refers  to  abrasion  caused  by  foreign  substances  in  the 
seats.  Generally  speaking,  valves  in  distribution  systems  are 
not  operated  very  often  —  an  average  of  once  a  month  is  high. 
I  know  of  valves  that,  except  as  a  matter  of  maintenance  or  test, 
are  not  operated  once  a  j^ear.  So  I  do  not  apprehend  much  dan- 
ger from  that  source.  Furthermore,  the  solid  wedge,  because 
of  its  taper,  does  not  come  in  contact  with  the  seats  except  during 
the  end  of  its  descent  or  the  beginning  of  its  ascent. 

In  considering  the  relative  merits  of  solid  wedge  and  loose  double- 
disk  types  of  valves,  I  am  impressed  with  the  proposition  that 
there  is  practically  but  one  seat  to  a  valve  in  operation.  By  an 
unbalanced  pressure  and  a  small  amount  of  play  in  the  guides 
the  wedge  is  forced  tightly  against  that  one  seat.  What  is  the 
use  of  an  additional  seating  necessitating  the  extra  force  required 
to  overcome  the  unbalanced  pressure  and  to  expand  both  disks 
to  a  double  seating? 

Mr.  Diven.  Mr.  Finneran  goes  back  to  the  very  proposition 
that  the  speaker  brought  out,  and  that  is,  the  fact  that  valves 
are  infrequently  used  is  no  reason  for  adopting  a  valve  that  will 
not  stand  frequent  use.  Of  course  in  a  distribution  system  mam- 
valves,  except  for  their  annual  or  semi-annual  or  possibly  more 
frequent  tests,  are  not  used  from  year's  end  to  year's  end.  Pos- 
sibly some  of  them  are  never  used  in  actual  service.  But  in  filter 
plants  and  pumping  stations  valves  are  used  with  great  frequency. 
The  speaker  has  a  30-in.  valve  in  use  which  is  used  from  once  to 
twice  a  day  changing  water   from  a  storage   reservoir  first  into 
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the  low  service  and  then  into  the  middle  service.  That  is  a 
double-seat  type  of  valve,  and  has  been  in  use  since  1905  without 
any  repairs  whatever.  The  Speaker's  experience  with  trouble 
with  valves  is,  of  course,  the  same  as  everybody  else's,  —  that  the 
most  trouble  is  in  the  stem.  But  the  great  argument  in  favor  of 
the  double-disk  valve  is  that  the  wear  and  strain  of  use  comes  on 
the  rugged  wedge  rather  than  on  the  delicate  seat  of  the  valve  or 
the  seat-ring,  which,  to  the  speaker's  mind,  is  really  the  most 
delicate  part  of  the  valve,  the  part  that  we  depend  on  for  water- 
tightness.  Of  course  we  all  know  how  troublesome  leaky  valves 
are.  We  have  to  go  back  and  take  in  another  section,  and  people 
that  have  to  have  short  notice  complain;  in  fact,  the  shutting  off 
of  the  water  is  a  disagreeable  thing  for  the  water-works  manager 
anyhow,  and  the  less  of  it  we  can  do,  the  better. 

Mr.  Weston  E.  Fuller.*  Probably  the  most  severe  use  that 
valves  in  filtration  plants  get  is  on  the  wash-water  lines  of  me- 
chanical filters.  The  speaker  has  recently  had  occasion  to  renew 
some  of  the  seats  on  wash-water  valves  of  a  mechanical  filter  which 
had  become  badly  worn.  The  wearing  in  this  case  was  probably 
increased  materially  because  the  valves  were  used  in  a  partially 
throttled  position,  the  rush  of  water  through  underneath  the  disks 
wearing  the  valve  seats  very  rapidly.  The  question  comes  up 
to-day:  What  would  have  happened  if  these  valves  were  of  the 
solid-wedge  type?  The  ones  I  am  speaking  of  were  double-disk 
valves.  Probably  the  cost  of  renewing  would  have  been  much 
greater  with  the  solid-wedge  type.  I  would  like  to  hear  from  others 
who  have  had  experience  with  filters  that  have  been  in  operation 
ten  or  twelve  j^ears. 

Mr.  Finneran.  One  of  the  greatest  troubles  with  valves  is  due 
to  the  accumulation  of  rust  or  other  solid  material  in  the  recess 
between  both  seats  of  the  valve  at  the  bottom.  It  is  quite  a  prob- 
lem. If  some  device  could  be  invented  or  produced  that  would 
eliminate  or  reduce  that  accumulation,  it  would  be  of  great  value 
and  much  appreciated. 

Mr.  Diven.  Isn't  that  accomplished  in  a  large  measure  in  our 
every-day  practice  by  merely  closing  a  valve,  opening  hydrants  or 
flush-gates  on  the  downstream  side,  and  getting  a  strong  current 

*  Civil  Engineer,  New  York. 
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of  water  under  the  valve,  working  down  into  this  chamber,  carry- 
ing awa}'  any  collection  of  sediment. 

Mr.  Finneran.  In  a  city  where  there  are  about  15  000  valves, 
it  would  necessitate  quite  a  little  labor  to  go  around  every  short 
period  and  wash  out  under  the  wedges  of  each  valve. 

Mr.  Diven.  We  do  that  only  while  using  the  valves.  It 
might  be  a  very  good  thing  to  keep  them  clean,  but  the  speaker 
has  had  very  little  trouble  in  cleaning  out  any  accumulation  of 
mud  with  a  good  and  sufficient  velocity  of  water.  Perhaps  if  the 
entire  chamber  was  lined  with  bronze  the  difficulties  would  be  less, 
but  that  would  make  the  valves  more  expensive,  and  seems  un- 
necessar3^ 

Mr.  a.  O.  Doane.*  I  have  had  considerable  experience  with 
valves  since  the  beginning  of  the  Metropolitan  Water  Works,  and 
have  had  many  talks  with  the  late  Mr.  Brackett  on  the  merits  of 
the  double-disk  and  the  wedge  valve.  He  was  always  very  much 
in  favor  of  the  single- wedge  valve,  on  very  much  the  same  grounds 
that  Mr.  Finneran  has  taken,  and  perhaps  from  the  same  line  of 
experience,  as  he  was  with  the  Boston  Water  Works  for  years.  He 
believed  in  the  simplicity  of  the  wedge  type  against  the  complica- 
tions, or  alleged  complications,  of  the  double-disk  type.  My  per- 
sonal experience  in  the  actual  operation  of  valves  has  been  some- 
what limited,  but  I  have  had  considerable  experience  in  following 
the  manufacture,  and  I  believe  there  are  some  good  points  in  both 
systems.  That  is  to  say,  it  is  hardly  fair  to  make  any  general 
statements  condemning  either  one  type  or  the  other.  I  believe 
that  the  solid-wedge  type  is  considerably  simpler  and  that  the 
wedges,  as  they  are  generally  made,  are  stronger  mechanically  than 
the  double-disk  type. 

With  regard  to  the  points  that  have  been  brought  up,  about 
the  wearing  of  the  valves  by  opening,  it  seems  to  me  that  the 
valves  in  both  types  seat  very  much  the  same.  That  is,  when  the 
gate  is  shut  and  you  open  it  with  uncciual  j^ressure  on  the  two  sides, 
in  both  types  the  disks  or  wedges  drag  over  the  seats  at  first.  In 
the  wedge  type,  as  we  make  them,  with  a  very  little  clearance 
between  the  guides  in.  the  body  and  guides  in  the  plug,  and  a  bronze 
lining  in  both  the  wedge  and  body,  then  the  valve  almost  imme- 

*  Division  Engineer,  Metropolitan  Water  Works. 
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diately  leaves  its  seat,  being  drawn  away  on  account  of  the  small 
clearance  between  the  guide  in  the  body  and  the  guide  in  the  wedge. 
So  there  is  comparatively  little  dragging  action.  But  most  com- 
mercial valves  where  the  guides  are  not  lined  have  a  large  clearance 
there,  so  that  the  wedge  type  does  drag  over  the  seat  for  a  con- 
siderable distance  when  they  are  opened.  Now  I  think  that  same 
thing  is  true  of  almost  any  type  of  double-disk  valve  I  have  seen, 
as,  when  either  closing  or  opening  under  an  unequal  pressure,  the 
disk  does  scrape  or  drag  across  the  seat. 

In  regard  to  the  abrasion  of  the  seats  by  gravel,  sand,  or  other 
grit,  it  has  been  my  experience  in  testing  valves  that  a  very  small 
particle  of  grit  will  ruin  the  tightness  of  the  valve.  In  regard  to 
the  point  being  made  of  the  valve  seating  in  a  different  place  in  the 
double-disk  type,  it  does  not  seem  to  me  that  that  would  ever  have 
much  influence,  for  the  action  of  a  particle  of  grit  is  to  make  a  score 
across  both  seats,  probably  with  slightly  raised  edges.  Now,  it 
does  not  seem  very  material  whether  a  disk  changes  position  or 
not.  The  scratch  is  on  the  seat,  and  the  edges  of  that  scratch  are 
going  to  keep  the  disk  away  from  the  seat  and  cause  a  leak,  whether 
the  valve  seats  in  some  other  place  or  not. 

Concerning  the  mechanical  features  of  the  valves;  on  the  Metro- 
politan Water  Works  all  valves  on  the  pipe  hues  are  of  the  wedge 
type,  but  there  are  a  few  valves  of  the  double-disk  type  in  the 
pumping  stations.  The  experience  we  have  had  with  these  valves 
has  seemed  to  me  to  be  ample  confirmation  of  Mr.  Brackett's 
views  about  the  complication  of  this  type,  because  we  have  had 
considerable  trouble  with  these  valves,  on  account  of  parts  giving 
out.  In  some  cases  when  we  wanted  to  start  up  a  pumping  engine 
we  would  find  that  while  the  valve  is  apparently  open,  only  one  of 
the  disks  was  open  and  the  other  was  down.  As  that  occurred  two 
or  three  times  in  a  period  of  ten  years  it  rather  confirmed  us  that 
our  views  were  right  on  the  wedge  principle.  We  were  rather 
glad  we  did  not  have  several  thousand  of  them.  I  know  that 
many  of  the  towns  and  cities  using  double-disk  valves  apparently 
have  no  trouble.  Perhaps  our  trouble  was  rather  exceptional  in 
that  these  valves  were  operated  often. 

In  regard  to  operating  valves  frequently;  we  had  one  36-in. 
valve  of  the  solid-wedge  type  with  bronze-lined  guides  and  bronze 
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seats  and  faces,  that  was  operated  from  at  least  two  to  four  times 
a  day  for  a  period  of  nine  years  to  regulate  pressure.  The  valve 
was  not  tight  as  it  was  usually  kept  a  few  inches  open,  and  the 
water  had  worn  the  seats  considerably,  yet  after  a  period  of  nine 
years  all  that  had  to  be  replaced  was  the  stem  and  the  stem  nut, 
because  the  threads  were  worn  out.  It  simply  meant  a  new  stem 
and  stem-nut,  at  a  comparatively  small  expense,  to  put  the  valve 
in  service  again. 

With  regard  to  the  manufacture  of  the  valves,  the  question  has 
been  raised  about  their  interchangeability.  There  seems  to  be  no 
difficulty  in  the  present  shop  pi-actice  in  any  single  manufacturer 
making  valves  that  are  absolutely  interchangeable.  The  prac- 
tice of  the  large  manufacturers  is  to  machine  the  seats  and  faces  of 
the  valves  on  a  boring-mill.  The  flanges  or  faces  of  the  bells 
are  machined  first  and  are  then  placed  on  taper-plates  having  ex- 
actly the  same  angle  that  is  used  in  both  the  body  of  the  valve  and 
the  wedge.  The  wedges  are  machined  to  gages  which  limit  the 
thickness  so  that  there  is  no  trouble  whatever  in  taking  a  wedge 
out  of  any  gate  and  putting  it  into  another  gate,  or  reversing  the 
wedge  in  the  same  gate  and  having  it  tight. 

I  will  agree  that  when  it  comes  to  repairing  the  seats,  theoreti- 
cally anyhow,  the  double-disk  type  is  easier  to  repair,  —  as  worn 
seats  and  disks  may  sometimes  be  renewed  without  removing  the 
gate  from  the  pipe  line,  though  one  of  the  prominent  manufac- 
turers of  double-disk  gates  has  told  me  that  it  generally  comes  to 
a  ease  of  sending  the  valve  back  to  them,  after  all,  if  it  is  a 
large  valve,  and  particularly  a  valve  that  has  been  in  use  a  long 
time. 

Mr.  Diven.  The  speaker  was  very  nmch  interested  in  what 
Mr.  Doane  said  about  one  disk  di'opping  down  and  leaving  the 
other  up.  That,  in  any  type  of  double-disk  valve  the  speaker 
has  examined,  would  be  an  impossibility.  If  anything  happened 
to  let  one  disk  down,  both  would  go. 

He  also  spoke  about  the  damage  from  scoring  and  seating  in  the 
same  place  making  no  difference.  The  metal  of  the  ring  and  the 
seat  are,  as  far  as  the  speaker  knows,  the  same,  and  would  score 
equally.  With  the  valve  seating  always  in  the  same  place,  those 
two  scored  portions  would  come  opposite  each  other,  and  there 
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would  be  double  the  leakage  that  there  would  with  a  revolving 
disk  not  seating  in  the  same  place. 

As  to  the  interchangeability  of  parts,  while  they  may  have  the 
machinery  in  the  shop  perfected,  in  use  the  wear  would  be  on  the 
seat  as  well  as  on  the  plug,  and  any  standard  plug  put  in  would  not 
fit  the  worn  seat.  It  seems  as  though  the  plug  would  have  to  be 
ground  to  fit  that  particular  seat  to  make  up  for  the  wear  or  else 
a  new  seat  put  in  with  the  plug. 

A  matter  that  was  brought  to  the  speaker's  attention  was  a  case 
in  point,  where  the  wedging  sprung  the  body  of  the  valve  a  con- 
siderable amount.  This  did  not  cause  a  leak,  it  being  the  double- 
disk  type  of  valve,  the  flexibility  of  the  valve  made  up  for  this. 
But  with  a  solid-wedge  valve  this  would  be  just  as  apt  to  occur, 
and  there  would  be  no  take-up  to  it.  Of  course  we  will  all  concede 
that  the  body  of  the  valve  should  not  spring.  It  should  be  made 
so  that  it  will  not. 

Mr.  Doane.  With  regard  to  the  scratches  coming  opposite; 
it  is  undoubtedly  the  fact  that  if  we  could  imagine  that  there  is  a 
score  of  perhaps  one  one-hundredth  of  an  inch  across  the  seat  of 
the  disk,  and  the  valve  seats  right  to  a  mathematical  line,  — -  then 
those  two  scores  would  come  opposite.  But  I  think  in  the  ordi- 
nary valve  it  would  be  a  thousand  chances  against  one  that  that 
wedge  could  ever  be  put  down  in  position  so  that  those  two  scores 
would  come  opposite  each  other  again. 

Concerning  the  point  that  was  raised  about  a  valve  body  spring- 
ing, that  the  double-disk  valve  would  take  care  of  it  better:  That 
may  very  likely  be  so  if  the  valve  springs  considerably  more  than 
Sinf  well-designed  valve  should,  but  with  our  wedge  type  of  valve, 
even  with  the  small  clearance  that  we  allow,  we  have  never  found 
any  difficulty  about  the  wedge  having  clearance  enough  to  deflect 
the  very  small  distance  required  to  make  the  seat  tight.  There 
is  a  type  of  solid-wedge  valve  made  that  has  a  central  portion  cast 
soHd  between  the  two  disks  and  then  the  spring  of  the  disks  under 
the  water  pressure  takes  care  of  any  spring  of  the  body.  That  has 
worked  out  quite  successfully  and  depends  entirely  on  the  elasticity 
of  the  cast  iron.     There  are  no  loose  parts  in  the  wedge  at  all. 

Mr.  W.  C.  Hawley.*    We  use  the  double-disk  type  of  valves 

*  Chief  Engineer,  Pennsylvania  Water  Company,  Wilkinsburg,  Pa. 
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at  our  filter  plant.  They  have  been  in  service  now  a  little  over 
five  years  and  we  have  had  no  trouble  with  them.  The  first  water 
plant  I  had  anything  to  do  with  was  finished  twenty-nine  years 
ago.  We  used  the  double-disk  valves  there  and  those  valves  are 
still  in  service,  and  so  far  as  I  know  have  given  no  trouble.  In  our 
own  i)lant  we  are  using  the  double-disk  valves.  We  have  used 
one  type  now  for  nearly  thirty  years  and  we  have  no  trouble  with 
the  scoring  of  the  disks  or  the  seats.  The  weak  point  is  the  stem. 
I  think  that  is  where  we  have  most  trouble  with  our  valves.  I 
have  had  no  experience  with  the  solid  wedge  valve  except  two  8-in. 
valves  that  were  put  on  a  large  pumping  engine  and  operated  on  a 
by-pass  under  a  pressure  of  about  250  or  260  lbs.  Those  valves 
failed  inside  of  a  year.  We  replaced  them  with  the  double-disk 
type  and  thej^  have  been  in  constant  use  ever  since,  about  ten 
years,  and  we  have  had  no  trouble  with  them  at  all. 

I  think  we  ought  not  to  lose  sight  of  the  fact  that  there  are  two 
distinct  types  of  double-disk  valves,  one  in  which  the  disks  come 
down  opposite  the  seats  and  are  then  wedged  apart  against  the 
seats,  and  the  other  where  the  disks  wedge  into  place  against  the 
seats  as  they  are  forced  down.  I  do  not  purchase  valves  of  the 
latter  type,  as  I  believe  that  the  former  is  the  better  design.  My 
experience  has  been  entirely  with  that  type  of  valve. 

Mr.  John  H.  Gregory.*  I  might  mention  an  experience  with 
solid-wedge  valves  which  came  under  my  observation  a  few  years 
ago.  Some  eight  or  ten  36-in.  valves  designed  for  about  100  lbs. 
service  pressure  were  tested  under  125  or  130  lbs.  pressure.  The 
specifications  under  which  the  valves  were  purchased  provided 
that  the  manufacturer  should  submit  his  own  designs,  and  the 
valves  were  made  in  accordance  with  these  designs.  The  valves 
were  tested  with  a  blank  flange  first  on  one  end  and  then  on  the 
other  end,  and  finally,  with  blank  flanges  on  both  ends.  The 
valves  were  supposed  to  have  been  made  heavy  enough  to  stand 
the  test  pressure,  but  as  a  matter  of  fact  the  bodies  were  not  strong 
enough  and  the  valves  leaked  when  tested  in  the  shop.  The  man- 
ufacturer replaced  the  valves  with  heavier  ones,  making  the  l>odies 
very  much  heavier  so  as  to  be  stiff  enough  not  to  distort  under 
pressure.    With  a  solid- wedge  valve  the  body  should  either   be 

*  Of  Hering  and  Gregorj",  New  York. 
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stiff  enough  not  to  distort  appreciably  under  pressure,  or  else  the 
wedge  gate  should  be  designed  to  distort  so  as  to  follow  the  dis- 
tortion of  the  body. 

In  the  Columbus  plant  the  valves  are  of  the  solid-wedge  type, 
and,  as  far  as  I  know,  up  to  the  present  time  no  trouble  has  been 
experienced  with  them.  The  plant  was  started  in  operation  about 
seven  years  ago,  and  the  last  time  that  I  visited  the  plant  I  did 
not  hear  that  any  repairs  had  been  made  to  the  valves. 

Mr.  Frank  C.  Kimball.*  In  regard  to  the  action  or  the  work- 
ing of  gates  in  filter  plants,  we  had  a  mechanical  filtration  plant  in 
Knoxville,  Tenn.,  that  was  installed  in  1895,  where  certain  gates 
had  to  be  operated  for  washing,  from  perhaps  a  maximum  of  four 
times  a  day  to  a  minimum  of  once  every  two  days.  The  last  I 
had  to  do  with  that  plant  was  in  1909,  —  about  fourteen  years 
after  it  was  constructed,  —  and  without  stating  definitely,  to  the 
best  of  my  knowledge  none  of  those  gates  had  been  replaced  at 
that  time,  and  with  the  exception  of  two  or  three  stems,  no  repairs 
had  been  made  upon  them.  These  were  of  the  double-disk  and 
wedge  pattern.  What  has  happened  since  1909  to  these  valves, 
I  cannot  state. 

Mr.  Weston  E.  Fuller.  The  case  I  mentioned  where  the 
seats  on  the  wash- water  valves  had  to  be  renewed  was  with  the 
use  of  water  for  washing  purposes  under  a  pressure  of  70  lb.,  so  that 
the  conditions  were  quite  different  from  those  in  a  filter  plant  where 
low-pressure  water  is  used  for  washing.  Under  the  high  pressure 
the  valves  were  throttled  down  so  much  that  a  very  high  velocity 
resulted  under  the  disks,  with  a  consequent  tendency  for  wear. 
I  may  say  that  these  valves  were  used  for  some  twelve  years  under 
these  rather  unusual  conditions  before  the  seats  were  renewed. 

Mr.  Robert  J.  Thomas. f  Every  superintendent  of  water 
works  has  had  a  lot  of  trouble  with  all  kinds  of  valves.  It  is  not 
a  question  of  a  satisfactory  gate.  It  is  rather  a  question  which 
type  of  gate  will  give  the  least  trouble.  For  that  reason  I  regret 
that  the  manufacturers  of  valves  are  not  present  so  that  they  might 
learn  something  about  how  the  valves  work  in  practice.  They 
have  not  had  the  experience  in  operating  valves  that  water-works 
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superintendents  have,  in  making  extensions,  alterations,  etc.  It 
is  very  seldom  that  you  can  find  a  tight  valve.  If  you  have  five 
or  six  valves  off,  there  is  sure  to  be  one  of  them  leaking.  We  all 
know  what  a. lot  of  trouble  that  means.  If  the  manufacturers 
knew  all  the  trouble  that  leaky  valves  cause  the  water-works  super- 
intendents and  water  takers,  they  would,  I  am  sure,  try  to  do 
something  better  for  us.  Sometimes,  owing  to  defective  valves, 
it  is  necessary  to  shut  off  a  greater  area  than  should  be  necessary, 
forcing  the  conclusion  that  you  cannot  have  any  too  many  valves. 
The  old  idea  that  a  valve  on  every  line  of  street  was  enough,  you 
will  find  is  not  right,  when  you  go  to  use  that  valve,  especially  if 
it  has  been  in  use  probably  thirty-five  to  forty  years,  for  it  will  not 
close  down  tight.  Therefore  you  have  to  go  to  another  valve, 
another  block  away.  I  have  told  our  men  in  putting  in  valves 
lately  to  put  in  about  twice  as  many  as  were  formerly  thought 
necessary  so  that  if  one  gave  out  we  would  have  another  one  near 
by  to  fall  back  upon.  We  are  putting  valves  now  on  all  of  the 
hydrant  branches,  and  the  underwriters  require  it  because  of  the 
fact  that  the  valves  are  not  to  be  depended  upon.  In  pumping 
stations,  where  valves  are  operated  often,  it  is  very  easy  to  deter- 
mine which  is  the  best  working  valve.  Take  a  valve  that  has  been 
closed  for  several  years,  on  a  blow-off  from  a  force  main.  When 
you  come  to  open  it  you  will  find,  if  it  is  a  solid-wedge  type  of 
valve,  that  it  is  impossible  to  operate.  I  have  found  it  so.  You 
may  break  the  stem,  but  it  takes  quite  a  while  to  get  a  new  one. 
My  experience  has  been  that  all  valves  give  more  or  less  trouble. 
But  we  have  had  to  replace  by  far  more  valves  of  the  solid-wedge 
type  than  we  did  of  the  double-disk.  I  notice  at  different  places 
throughout  the  country  where  they  arc  putting  in  filter  plants 
that  most  of  the  valves,  the  big  valves,  are  of  the  double-disk  pat- 
tern. I  suppose  they  favored  that  pattern  only  after  investiga- 
tion and  study  being  convinced  it  was  the  best.  It  may  be  differ- 
ent in  Boston,  where  they  make  their  own  valves.  Maybe  they 
make  the  solid-wedge  type  of  valve  better  than  manufacturers  do. 
I  do  not  know  any  other  explanation  why  that  type  of  valve  works 
more  satisfactorily  there  than  it  does  in  other  places,  unless 
it  is  because  they  make  a  better  valve  than  the  manufacturers 
do. 
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Mr.  W.  C.  Tannatt,  Jr.*  In  Easthampton  we  have  just  about 
an  equal  amount  of  double-wedge  valves  and  solid-wedge  valves, 
and  I  find  that  the  biggest  trouble  with  ours  is  the  sediment  accu- 
mulating underneath  the  seat  will  not  allow  the  valve  to  seat  prop- 
erly. I  have  also  found  that  in  working  the  valve  up  and  down 
it  is  easier  to  free  a  solid-wedge  valve  than  it  is  a  double-wedge 
valve.  In  replacing  valves  we  have  made  it  a  rule  now  to  dis- 
card the  double-wedge  valves  in  favor  of  the  solid  wedge. 

Mr,  Daniel  A.  McCrudden.!  I  agree  with  Mr.  Thomas  that 
the  wedge  type  of  valve  is  really  much  harder  to  open  after  it  has 
been  left  closed  for  ten  or  fifteen  years,  as  quite  often  happens, 
and  there  is  much  more  trouble  with  it  than  with  the  other  type 
of  valve.  There  are  quite  a  few  valves  in  a  system  that  have  to 
remain  closed  on  account  of  a  difference  in  pressure.  They  are 
very  rarely  operated  except  in  case  of  trouble  on  one  system,  when 
it  is  desirable  to  take  water  from  the  other.  In  such  a  connection, 
a  wedge  type  of  valve  is  far  superior  to  the  other  type. 

We  have,  I  dare  say,  about  28  000  wedge-type  valves,  and  quite 
often  the  closed  valves  cause  trouble.  But  as  far  as  the  sediment 
at  the  bottom  is  concerned,  there  is  only  one  way  to  remedy  it, 
and  that  is  the  precaution  we  have  taken  of  operating  the  big 
valves  every  three  months,  and  all  valves  on  the  system  at  least 
part  way  at  least  once  a  year.  That  will  remedy  the  trouble  of 
sediment  in  the  bottom.  Of  course  it  is  a  big  job  to  operate  all  of 
the  valves  in  the  town  once  a  year,  and  we  have  not  gotten  it  yet. 
We  are  trying  to. 

Mr.  Frank  L.  Fuller.  The  Wellesley  works  were  built  about 
thirty  years  ago,  and  the  large  majority  of  the  valves  put  in  were 
the  double-disk  type,  and  I  have  never  heard  any  complaint  in 
regard  to  them.  From  time  to  time  solid-wedge  valves  have  been 
used,  and  I  have  no  further  knowledge  about  them.  In  other 
works  with  which  I  have  been  connected  it  has  been  sometimes 
one  type  and  sometimes  the  other,  and  as  a  general  thing  I  think 
they  have  worked  satisfactorily.  Much  trouble  comes  from  the 
accumulation  of  sand  and  grit  under  the  gates  when  they  are 
opened  and  shut  in  flushing  the  pipe  system,  when  the  works  are 
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new,  and  from  grit  and  gravel  being  caught  between  the  valve 
and  seat.  In  this  way  they  become  cut  and  scratched  and  in  con- 
sequence leak.  It  is  very  necessary,  I  think,  that  the  pipes  should 
be  thoroughly  flushed  and  all  the  grit  in  the  valves  removed.  The 
valves  should  be  put  in  closed  and  as  the  water  is  gradually  let  on 
from  one  line  of  pipe  to  another  those  valves  should  be  opened,  as 
necessary,  and  the  pipes  thoroughly  flushed  by  opening  hydrants. 
The  water  should  be  drawn  out,  as  long  as  there  is  any  indication 
of  grit  and  gravel,  and  a  good  deal  of  water  passed  through  the 
pipes,  to  be  sure  that  they  are  thoroughly  cleaned.  If  that  is  done, 
either  type  of  valve  will  be  satisfactory. 

Mr.  Patrick  Gear.*  For  sixteen  years  before  I  became  super- 
intendent in  Holyoke  I  had  been  out  flxing  the  gates  when  they 
were  broken,  making  the  spindles  for  them,  taking  them  apart, 
and  putting  the  spindles  in,  and  finding  fault  with  the  maker  of  the 
gates  because  he  did  not  make  them  right.  I  still  keep  finding 
fault  with  him  because  he  has  not  improved  them  any. 

Now  what  trouble  did  we  find  with  the  old  gate  that  we  got  in 
the  system  forty  years  ago?  We  have  the  same  trouble  to-day. 
One  speaker  says  if  the  gates  are  operated  once  a  year  or  oftener 
we  will  get  away  from  the  sediment  in  the  bottom,  but  if  there  are 
40  000  gates  there,  the  people  would  say  there  is  an  awful  waste 
of  money,  operating  those  gates  every  day  and  stirring  up  and 
making  the  water  dirty  for  the  laundrjanen  and  the  washwomen. 
I  say  if  the  manufacturer  makes  the  gate  properly  we  won't  have 
any  trouble  in  shutting  the  gate  down  and  making  it  tight.  I 
sympathize  with  the  man  who  is  around  trying  to  sell  the  gate, 
because  when  we  find  fault  with  him  and  tell  him  it  is  no  good  be- 
cause it  hasn't  this,  that,  or  the  other,  and  he  goes  back  to  the 
manufacturer  and  says,  "  So-and-so  of  such  a  town  told  me  it 
ought  to  be  done  so,"  they  say,  "  Why,  he  doesn't  know  what  he 
is  talking  about."  That  is  what  they  will  tell  him.  If  the  gate 
is  made  with  a  good  space  at  the  bottom  of  it,  a  couple  of  inches  — 
I  don't  care  what  size  the  gate  is  —  perhaps  two  or  three  inches  in 
the  bottom  —  and  have  the  brass  ring  stick  out  a  half  of  an  inch 
so  that  it  would  not  be  right  up  against  the  cast  iron,  there  would 
not  be  any  trouble  with  sediment.     I  have  taken  gates  apart  that 

*  Superintendent  of  Water  Works,  Holyoke,  Mass. 
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have  been  in  for  forty  years,  and  when  I  have  taken  them  out, 
taken  out  the  rust,  and  put  in  a  new  spindle,  they  were  as  good  as 
ever.  If  they  were  made  properly  at  first  they  would  be  all  right. 
Now  the  spindle  in  a  6-in.  gate  is  Ij-in.  in  diameter,  but  at  the 
bottom  of  the  thread  it  is  about  |-in.  Did  you  ever  know  of  a 
spindle  to  break  around  the  stuffing-box?  I  never  did.  They 
always  break  at  the  bottom,  between  the  nut  and  the  shoulder. 
Just  as  soon  as  they  put  the  strength  where  it  belongs  we  will  have 
less  trouble,  but  when  they  are  putting  the  strength  in  the  spindle 
where  it  never  is  needed,  it  is  no  good  to  us.  They  are  talking 
about  the  double  valve  and  single  one.  The  men  who  sell  the 
double  one  will  tell  you  it  is  better.  One  gentleman  said,  a  little 
while  ago,  that  one  side  of  the  double  disk  might  lift  up  before  the 
other.  There  is  one  gentleman  selling  that  type  and  he  says  it  is 
good  because  it  will  give  a  lift  of  one  side  before  the  other.  There 
may  be  something  to  it.  But  I  know  we  have  got  both  of  them 
and  we  have  got  trouble  with  them.  And  it  is  all  up  to  the  manu- 
facturer. Now,  if  the  gentlemen  from  Boston  made  the  gates, 
they  should  be  perfectly  satisfactory.  I  know  if  I  were  making 
them  I  would  guarantee  I  would  never  have  trouble. 

Mr.  Daniel  A.  McCrudden.  I  believe  that  operating  valves 
is  the  biggest  advantage  you  can  have  and  the  best  way  to  spend 
money.  A  gang  of  three  men  in  one  district  has  operated  over 
6  000  valves  in  three  months.  The  first  time  they  operated  those 
valves  it  took  six  months.  The  last  time  it  took  just  three  months, 
.showing  how  far  superior  our  valves  are  in  that  district  than  they 
were  a  little  over  a  year  ago,  when  we  can  do  it  in  half  the  time  it 
did  take  us  previously.  We  have  in  that  district  about  two  hun- 
dred 36-  to  48-in.  valves  and  we  can  do  that  work  in  something 
like  four  days.  When  I  was  in  that  district  two  years  ago,  to 
operate,  repair  our  big  valves,  it  took  me  something  like  three 
months  to  get  around  those  one  hundred  fifty  valves  and  put  them 
in  good  condition.  But  they  are  doing  it  now  in  four  days  out  of 
every  three  months,  with  a  gang  of  three  men,  where  I  had  to  have 
at  times  eight  and  ten  men  to  move  the  valves.  So  I  think  it  is 
well  paid  work. 

Mr.  Gear.  I  want  the  spindle  and  stuffing  box  improved,  and 
then  you  won't  have  trouble  in  operating  the  gates,  —  if  it  is  idle 
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ten  years.  I  found  a  gate  once  when  it  took  three  or  four  men  to 
open  it.  I  dug  it  up  and  found  there  was  a  cast-iron  stuffing 
box,  and  a  cast-iron  gland  in  that  gate.  They  were  stuck  so 
that  you  couldn't  move  it.  When  I  took  them  apart  and  cleaned 
them,  the  gate  was  all  right.  Now,  if  valves  could  be  made  with 
a  brass  stuffing  box,  brass  nuts  and  bolts,  brass  gland,  and  a  brass 
hning  on  the  top  of  the  gate  where  the  shoulder  of  the  spindle  rests, 
you  w'ill  never  find  a  gate  stuck  in  forty  years.  The  trouble  comes 
there.  You  won't  find  trouble  operating  a  gate  made  in  this  way, 
and  you  won't  have  any  leaks  either. 

Mr.  a.  E.  Martin.  If  the  purchasing  agents  of  the  different 
cities  would  pay  a  little  more  attention  to  the  quality  of  the  gates 
they  buy  instead  of  the  price,  our  manufacturers  would  build  the 
gates  that  are  needed.  The  superintendent  knows  what  he  wants, 
Imt  when  he  goes  up  against  a  purchasing  agent  who,  bound  to 
make  good  in  his  department,  insists  on  giving  his  order  to  the 
lowest  bidder,  he  does  not  always  get  the  best.  The  manufac- 
turer has  got  to  build  for  the  purchasing  agent  and  not  for  the 
superintendent. 

Mr.  Finneran  (by  letter).  I  have  recently  examined  a  number 
of  valves  which  have  had  varying  lengths  of  service,  some  with 
fifty  years  or  more,  and  I  noticed  little  or  no  injury  to  the  rings 
or  plugs  due  to  abrasion.  I  found  in  some  of  the  old  valves  that 
the  rings  were  displaced,  as  the  iron  backing  had  rusted  away, 
leaving  them  without  support.  Some  double-disk  valves  showed 
much  wear  in  the  trunnions,  particularly  one  that  had  been  near 
a  locomotive  standpipe.  The  plug  can  be  removed  without 
difficulty  from  any  type  of  valve  without  disconnecting  it  from 
the  pipe  line,  but  the  seat  ring  cannot  be.  It  seems  important, 
therefore,  to  give  more  attention  to  the  method  of  securing  the 
seat  rings.  A  variety  of  methods  are  used;  in  our  practice  the 
rings  are  driven  into  slots  and  pinned. 

While  I  think  that  both  types  of  valves  depend  upon  good 
materials  and  workmanship  to  give  satisfactory  service,  I  l)elieve 
that  the  simplicity  of  the  solid-wedge  type,  with  its  few  moving 
parts,  commends  itself  for  long  periods  of  general  service. 
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BY  RALPH  N.  WHEELER,  DEPARTMENT  ENGINEER  OF   THE  BOARD  OF 
WATER   SUPPLY,    NEW   YORK. 

\Read  September  8,  1915.] 

Many  miles  of  wire  fencing  on  concrete  posts  have  been  erected 
during  the  last  three  years  to  define  lines  of  property  taken  for 
the  Catskill  aqueduct  and  reservoirs,  and  to  mark  rights-of-way 
and  road  crossings  over  city  property,  all  the  work  being  done  by 
contract.  The  purpose  of  this  paper  is  to  call  attention  to  some 
of  the  points  to  be  observed  in  order  to  get  the  best  results  in 
constructing  fences  of  this  type. 

Several  cross-sections  were  used  for  posts,  all  reinforced,  the 
posts  generally  tapering  from  the  bottom  toward  the  top.  For 
the  so-called  line  post  the  T-section,  reinforced  with  three  No.  5 
gage  wire  rods,  was  most  generally  used,  but  on  some  parts  of  the 
work  a  D-section  reinforced  by  four  similar  wires  was  preferred. 
D-posts  being  built  under  an  existing  contract  have  four  j-in. 
twisted  rods.  The  line  posts  were  generally  7  ft.  3  in.  long,  and 
made  to  set  2.5  to  3  ft.  in  earth  and  not  less  than  1.75  ft.  in  rock. 
For  straining,  gate  and  latch  posts,  the  square  cross-section  was 
used,  reinforced  with  four  J-in.  or  ^-in.  square  twisted  rods,  de- 
pending on  the  length  of  the  post.  No  ornamental  tops  were 
used,  the  only  attempt  at  ornamentation  being  to  provide  pyramid 
tops  for  hinge  and  latch  posts. 

All  posts  were  cast  in  thin  sheet  metal  forms  in  horizontal 
position.  The  D  or  T  sections  were  assembled  by  the  battery  or 
table  method.  The  battery  method  employs  a  small  steel  car 
with  hinged  ends,  so  designed  as  to  permit  the  placing  and  filling 
of  five  layers  of  six  molds  each;  the  table  method  makes  use  of 
a  skeleton  table  on  which  the  molds  are  placed.  Both  methods 
provide  for  tightly  closing  the  ends  of  the  molds.  Preference  is 
expressed  for  the  table  method,  as  the  faces  of  posts  are  exposed 
for  troweling  or  rubbing  at  the  proper  time.     Slightly  more  floor 
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area  is,  however,  required.  Objections  to  the  battery  method 
are  the  drip  from  the  upper  layers,  which  tends  to  pit  the  faces 
of  posts  below,  and  the  impracticabihty  of  trowehng  or  rubbing 
the  faces.  Joggling,  essential  for  properly  expelling  the  air,  is 
accomplished  b}^  shaking  the  skeleton  table  or  moving  the  battery 
car  back  and  forward  along  its  track. 

To  secure  good  posts  with  either  method  the  following  points 
must  be  observed: 

1 .  Molds  should  be  coated  with  a  thin  film  of  oil. 

2.  Concrete  aggregates  should  be  of  two  sizes,  well  graded;  the 
fine  up  to  I  in.,  and  the  coarse  from  |  to  |  in.  for  the  smaller  sec- 
tions of  post  and  |  to  f  in.  for  the  larger. 

3.  The  mixture  must  be  very  accuratel}^  proportioned,  analyses 
being  desirable  to  determine  the  exact  proportions.  Generally 
about  one  part  of  cement  to  three  parts  by  volume  of  aggregates 
gave  the  best  results. 

4.  The  concrete  must  be  thoroughly  mixed  and  of  wet  consis- 
tency. 

5.  The  ends  of  molds  must  be  sealed  tightly  with  clay,  plaster 
of  Paris,  or  cement,  to  insure  good  tops. 

6.  The  air  must  be  expelled  by  joggHng  and  running  a  trowel 
back  and  forth  through  the  mixture  and  along  the  sides  of  the 
mold  while  placing. 

7.  The  reinforcement  must  be  placed  in  correct  position.  This 
can  be  accomplished  without  a  spacing  device  after  a  workman 
becomes  skilled. 

8.  The  reinforcing  metal,  particularly  round  wires,  should  be 
thoroughly  rusted  or  nicked  to  give  a  proper  bond.  Bending  the 
ends  of  these  wires  back  180  degrees  gave  good  results.  As  re- 
ceived from  the  mill,  these  wires  were  greasy  from  the  drawing 
process,  and  it  was  found  necessary  to  hasten  rusting  by  the  use 
of  a  weak  acid  afterward  neutralized.  Posts  tested  to  failure 
showed  that  unrusted  straight  wires  would  pull  through,  whereas 
properly  rusted  ones,  or  those  with  ends  bent,  would  break.  It 
has  been  suggested  that  running  the  wire  through  a  barbing 
machine  such  as  is  used  in  the  manufacture  of  barbed  wire  nails 
would  deform  it  sufficiently  to  give  a  good  bond.  This  would 
add  not  over  one-half  cent  per  pound  to  the  cost. 
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9.  Posts  must  bo  properly  cured.  They  can  be  removed  from 
the  molds  in  thirty-six  hours,  and  may  then  be  stood  in  a  vertical 
position  and  water  spraj^ed  over  them  from  suitably  arranged 
piping,  or  preferably  they  may  be  spaced  in  a  horizontal  position 
and  covered  with  sand  or  sawdust  kept  wet.  Curing  should 
cover  at  least  two  weeks,  and  better  four. 

10.  The  rounding  of  edges  of  the  exposed  face  can  be  accom- 
plished in  the  form,  l)ut  better  by  rubbing  with  a  carborundum 
lirick  after  erection  and  before  the  wire  is  stretched.  If  fencing 
is  attached  by  wrapping  wires,  rough  edges  assist  in  holding  the 
wires. 

The  T-section  posts  weigh  90  to  100  lb.  each  and  require  very 
careful  handling.  They  were  transported  from  the  casting  yard 
to  the  work  in  spring  wagons  or  trucks,  generally  about  fort}'- 
posts  to  the  load.  Tests  showed  that  the  strength  of  the  T-post 
was  greatly  increased  by  substituting  three  |-in.  twisted  rods 
for  the  three  No.  5  gage  wires,  the  weight  of  the  reinforcing  metal 
l)eing  practically  doubled  by  the  change. 

Posts  were  set  not  less  than  30  in.  in  the  ground,  and  efforts 
were  made  to  secure  a  pleasing  profile  of  the  tops.  It  was  found 
very  desiral^le  to  place  stones  in  the  holes  around  the  bottoms  of 
posts  and  to  thoroughly  tamp  the  refill.  In  swampy  ground  and 
where  the  fence  line  was  curved,  posts  were  generally  concreted 
in,  as  otherwise  the  strain  of  the  fencing  would  throw  them  out  of 
line.  It  was  found  desirable  not  to  set  posts  in  filled  ground,  as 
on  I'ight-of-way  banks,  until  the  filling  had  stood  through  at  least 
one  winter. 

Straining  posts  were  placed  at  irregular  intervals  to  suit  the 
topography  and  alignment,  but  never  exceeding  600  ft.  apart. 
The  average  interval  was  somewhat  less  than  300  ft.  Early 
experience  proved  that  such  posts  should  be  concreted  in.  Two 
permanent  angle  iron  braces  were  genei-ally  used  on  straining 
posts,  but  in  case  the  angle  in  the  line  made  this  impracticable,  a 
straining  post  was  set  at  the  angle  point  and  another  16  ft.  away, 
each  provided  with  a  single  brace.  The  proper  location  of  strain- 
ing posts  is  of  great  importance  if  a  tight,  good-looking  fence  is 
desired.  Therefore  special  study  of  this  detail  is  necessary. 
Early  in  the  work  concrete  brace  bases  were  cast  and  set  in  posi- 
tion to  support  the  lower  end  of  the  angle  iron  brace.     Better 
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results  were  secured  later  by  digging  a  hole  and  filling  same  with 
concrete,  in  which  the  lower  end  of  the  brace  was  set.  Gate  and 
latch  posts  were  generally  set  in  concrete,  this  method  proving 
more  effective  in  preserving  alignment.  All  property  line  posts 
were  set  with  the  face  on  the  proper  line ;  in  other  words,  the  posts 
are  entirely  on  city  property. 

Two  general  types  of  fencing  were  used,  namely,  factory  and 
field  woven,  the  use  of  the  former  being  more  general.  Both 
types  were  No.  7  gage  throughout  and  had  seven  horizontal 
strands,  all  heavily  galvanized.  The  field-woven  fencing  was  of 
the  Knox  type,  with  pickets  spaced  either  8  in.  or  24  in.  This 
type  was  used  in  more  conspicuous  locations,  or  over  very  irregular 
ground.  The  factory-woven  fencing,  made  by  the  American 
Steel  &  Wire  Co.,  was  delivered  in  20-rod  rolls,  and  weighed  about 
1.1  lb.  per  foot.  The  weight  of  Knox  fencing  with  24-in.  spacing 
of  pickets  is  about  the  same.  For  erecting  factory-woven  fence, 
stretching,  wrapping,  cutting,  and  crimping  tools  were  required. 
For  erecting  the  Knox  type,  a  pair  of  light  blocks  was  required 
for  controlling  the  strain  in  each  horizontal  wire,  also  a  special 
tool  for  fastening  the  pickets  to  these  wires.  Many  methods  of 
fastening  fencing  to  posts  were  considered;  the  following  one  was 
finally  adopted  and  successfully  used.  At  end,  corner,  and  strain- 
ing posts  the  horizontal  line  wires  were  carried  around  the  posts 
and  wrapped  on  themselves,  interfering  verticals  being  cut  out 
and  the  fencing  kept  under  strain  while  this  wrapping  was  being 
done.  At  line  posts  short  wrapping  wires,  first  of  No.  12  and 
later  of  No.  9  gage,  were  used.  These  wires  were  delivered  in 
bundles,  each  wire  straight  and  long  enough  to  make  two  wraps. 
They  were  cut  into  proper  lengths,  one  cut  giving  the  pieces  for 
wrapping  the  top  and  bottom  horizontal  wires,  another  the  second 
and  fifth,  etc.,  thus  avoiding  any  waste.  Two  men  generally 
worked  together  attaching  these  wires.  The  operation  was  per- 
formed as  follows:  A  short  bend  was  first  made  near  one  end, 
giving  sufficient  material  for  wrapping  four  times  around  the 
horizontal  wire;  it  was  then  placed  in  position  snugly  against 
the  side  of  the  post  and  wrapped.  The  loose  end  was  then  carried 
snugly  around  the  post  and  wrapped  four  times  around  the  line 
wire  on  the  other  side.  Care  must  be  taken  to  keep  the  wrap  in 
the  horizontal  plane  of  the  line  wire  and  to  have  it  tight  and  snug 
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against  the  post.  Done  in  this  way,  the  fencing  cannot  l^e  Ufted 
up,  and  the  batter  of  the  post  prevents  sagging.  This  method 
of  wrapping  is  preferred  because  it  does  away  with  special  attach- 
ment pieces  or  holes  in  the  posts,  permits  the  stringing  of  wire  any 
distance  above  the  ground  or  below  the  top  of  post,  and  is  economi- 
cal. Wrapping  tools  can  be  bought  for  a  few  cents  each  from 
fencing  manufacturers,  or  can  be  made  by  a  handy  blacksmith. 
Fencing  was  erected  during  practically  every  month  of  the  year. 
Probably  better  results  were  secured  from  the  warm  weather 
work,  although  this  undoubtedly  caused  more  of  a  strain  on  the 
posts  due  to  contraction  in  the  colder  months. 

Galvanized  angle  irons  2  in.  by  2  in.  by  j  in.  by  7  ft.,  or  2|  in.  by 
2|  in.  by  j  in.  bj^  9  ft.,  were  used  for  braces;  these  were  bent  to 
fit  the  side  of  the  post  at  one  end  and  the  concrete  anchorage  at 
the  other,  with  holes  at  each  end  for  attachment.  The  better 
way  is  to  bend  the  upper  ends  of  these  braces  at  a  sharp  radius 
with  a  slotted  hole  where  bolted  to  the  posts  to  permit  adjustment 
on  sloping  ground.  The  bottom  ends  can  be  simply  bent  down 
and  concreted  into  the  brace  block.  However,  even  this  type  of 
brace  cannot  be  conveniently  cut  to  length  in  the  field,  and  those 
contemplating  erection  of  fences  should  consider  braces  of  1^  in. 
galvanized  pipe.  These  can  easily  be  made  up  in  the  field  to 
special  lengths,  and  the  use  of  couplings  prevents  wasting  short 
pieces.  One  end  should  be  flattened  down  for  four  or  five  inches, 
bent  to  the  desired  shape,  and  drilled  for  the  bolt  connection. 
The  other  end  is  bent  slightly  and  concreted  into  the  anchorage 
or  flattened  and  secured  to  a  bolt  in  the  anchorage.  It  is  under- 
stood that  reinforced  concrete  braces  instead  of  angle  irons  have 
been  used  in  the  outskirts  of  Brooklyn  for  the  wire  fencing  along 
the  Sea  Beach  route  of  the  new  subway  system  put  in  operation 
this  summer. 

Gates  generally  10  ft.  long,  made  of  angles  and  flats,  were  used 
freely  in  the  line  and  right-of-way  fences.  A  somewhat  wider 
gate  opening  seems  desirable.  The  top  support  is  made  adjustable, 
and  all  hinge  supports,  top  supports,  latch  plates,  and  bolts  are 
heavily  galvanized.  This  is  desirable  when  the  difficulty  of 
securing  a  good  paint  for  exposed  metal  work  is  considered.  Gates 
are  locked  by  inserting  the  tongue  of  a  small  brass  padlock  through 
a  hole  drilled  in  the  latch. 
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Experience  to  date  has  indicated  no  likelihood  of  trouble  with 
the  posts,  although  adjustments  of  gates  and  their  supporting 
posts  have  been  necessary,  particularly  on  field  rights-of-way. 
Early  in  the  work  the  posts  offered  tempting  targets  to  hunters, 
but  it  is  believed  the  novelty  has  worn  off.  Frequently,  too, 
some  country  Hercules  would  try  the  strength  of  the  posts  after 
erection  and  before  wires  were  strung,  by  pulling  back  and  forth, 
generally  with  disaster  to  the  post.  Once  the  wire  is  strung  this 
danger  is  removed.  The  importance  of  securing  dense,  smooth 
tops  is  obvious,  as  disintegration  by  frost  action  is  thereby  re- 
duced or  eliminated. 

It  appears  to  the  writer  undesirable  to  attach  fencing  to  either 
the  hinge  or  latch  post  of  a  gate,  as  sooner  or  later  the  strain  throws 
the  gate  out  of  line  and  adjustments  are  necessary.  It  is  better 
to  set  extra  posts,  one  of  which  should  be  spaced  for  a  manway. 
Manway  openings  should  not  })e  too  wide,  particularly  in  regions 
where  live  stock  is  pastured.  It  is  better  to  make  them  so  that 
a  man  nmst  turn  sideways  and  then  contract  as  much  as  possible 
to  get  through;  in  other  words,  the  opening  should  not  exceed 
14  in.  at  the  top  if  the  posts  taper;  if  not,  the  opening  should  not 
exceed  12  in.  The  T-section  post,  from  its  peculiar  shape,  is 
particularly  firm  in  the  ground,  but  above  ground  it  does  not 
look  much  like  a  post.  The  writer  suggests  for  consideration  the 
use  of  a  post  of  combination  section;  that  is,  made  up  of  a  T- 
section  below  the  ground  and  a  D-section  above.  In  this  way  a 
maximum  of  rigidity  will  be  secured,  and  at  the  same  time  a 
section  above  ground  which  resembles  in  appearance  an  ordinary 
post. 

The  cost  of  fences  erected  by  contract  along  the  Catskill  Aque- 
duct was  approximately  as  follows: 

Line  fence  with  straining  post  and  two  braces  every  300  ft., 
and  line  posts  at  16-ft.  intervals  — ■ 

Factory-woven  type,  16c  to  20c  per  foot. 

Knox  or  field-woven  type,  19c  to  22c  per  foot. 

Typical  right-of-way,  approximately  200  ft.  long,  with  the 
straining  and  special  posts,  braces,  and  gates  incidental  thereto, 
39c  to  42c  per  foot. 

The  type  of  fencing  affected  the  cost  of  rights-of-way  very  Httle. 
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GROUTING  OR  CUSHIONING  STANDPIPE  BASES. 

BY    CHARLES   W.    SHERMAN.* 

[Read  Xovember  10,  19to.] 

Pioljably  the  most  common  method  of  transmitting  the  pressure 
from  the  bottom  of  a  standpipe  to  the  masonry  or  concrete  foun- 
dation is  by  means  of  a  sand  cushion  or,  in  some  cases,  a  cushion 
of  sand  mixed  with  cement.  Without  such  a  supporting  layer  it 
is  obvious  that  the  empty  tank  would  rest  upon  the  rivet  heads, 
and  when  filled  the  plates  between  the  rivets  would  be  bent  in 
such  a  way  that  a  considerable  part  of  the  plates  would  come  in 
direct  contact  with  the  foundation. 

As  far  as  transmitting  the  loads  from  the  plates  to  the  founda- 
tion is  concerned,  there  is  no  material  criticism  of  the  sand  cushion. 
It  is  a  fact,  however,  that  even  with  the  best  of  workmanship,  the 
bottom  of  the  standpipe  is  not  absolutely  flat.  Certain  plates  or 
parts  of  plates  will  bulge  either  up  or  down.  Those  parts  which 
bulge  up,  or  "  dome,"  will  not  rest  upon  the  sand  cushion  when 
the  tank  is  empty,  as  the  sand  cannot  be  caused  to  flow  enough  to 
fill  these  empty  spaces,  and  the  confined  air  has  no  opportunity  to 
escape.  When  the  tank  is  filled  with  water,  the  plate  is  bent  down 
into  contact  with  the  sand,  but  when  the  tank  is  emptied  the  plate 
will  spring  back  to  its  original  position. 

It  is,  of  course,  impossible  to  get  at  the  under  side  of  the  bottom 
of  the  tank  for  cleaning  and  painting,  and  it  is  therefore  of  impor- 
tance that  the  material  with  which  the  plate  comes  in  contact 
should  have  a  preservative  action  upon  the  metal.  It  is  well 
known  that  hydraulic  cement  has  such  a  preservative  action. 
Probably  for  this  reason  it  has  been  customary  in  many  cases  to 
mix  dry  cement  with  the  sand  cushion,  on  the  supposition  that  in 
tlie  course  of  time  slight  leaks  in  the  bottom  plate,  or  water  ab- 
sorbed fi'om  the  atmosphere  or  by  capillarity  through  the  founda- 
tion, may  be  sufficient  to  cause  the  cement  to  set.     It  is  oljvious, 
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however,  that  if  the  cement  should  set,  when  the  tank  is  empty 
the  domed  places  in  the  bottom  plate  would  again  spring  Imck  to 
their  original  position,  leaving  voids  between  the  metal  and  the 
cushion. 

As  an  alternative  method,  it  has  been  attempted  in  some  cases 
to  grout  the  space  between  the  bottom  plate  and  the  foundation 
by  pouring  cement  grout  through  holes  left  in  the  bottom  plate, 
these  holes  being  afterward  stopped  by  iron  plugs.  Although  it  is 
somewhat  difficult  to  fill  all  the  voids  under  the  bottom  plate  by 
this  method,  without  forcing  in  the  grout  under  so  great  a  pressure 
as  to  lift  the  bottom  plate  itself,  nevertheless  it  is  possible,  by 
careful  work,  to  substantially  fill  the  entire  space.  When  the 
bottom  is  well  grouted  in  this  way  the  plate  should  be  in  intimate 
contact  with  the  cement  mortar  through  its  entire  extent,  and 
accordingly  should  be  subject  to  the  preservative  action  of  the 
cement. 

This  paper  has  been  suggested  by  a  recent  experience  in  grouting 
the  bottom  of  the  new  Bird's  Hill  standpipe  for  the  town  of  Need- 
ham,  Mass.  This  tank  is  55  ft.  in  diameter  and  44  ft.  in  height, 
and  rests  on  a  foundation  of  cement  concrete. 

In  this  case  the  holes  for  grouting  were  arbitrarily  spaced  10  ft. 
apart  in  both  directions.  This  spacing  was  unfortunate,  as  it 
left  a  few  plates  without  any  grouting  holes  whatever  in  them,  and 
in  several  cases  brought  the  holes  close  to  the  seams  between  the 
plates.  The  holes  were  2  in.  in  diameter  and  were  fitted  with  2-in. 
pipe  2  ft.  in  length  and  with  threaded  plugs. 

The  grout  was  made  of  a  1  to  1  mixture  of  cement  and  screened 
sand,  using  sufficient  water  to  make  it  of  the  consistency  of  cream, 
and  was  poured  from  coal  hods  into  tin  funnels  inserted  in  the  tops 
of  the  pipes.  A  stick  about  f-in.  in  diameter  and  somewhat  uneven 
was  worked  up  and  down  in  the  grouting  pipe  while  the  grout  was 
being  poured,  thus  assisting  in  keeping  the  grout  well  mixed  and 
in  causing  it  to  flow  freely  through  the  pipe. 

The  experience  in  pouring  the  grout  varied  considerably.  In 
some  cases  the  grout  would  flow  freely  to  a  long  distance  from  the 
hole  through  which  it  was  poured;  in  others,  it  could  not  be  made 
to  run  more  than  a  short  distance.  In  one  case,  at  least,  the  grout 
flowed  to  a  distance  of  7  ft.  on  one  side  and  8  ft.  on  the  opposite 
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side  of  a  particulai'  hole.  In  one  case  where  the  fj;routing  hole  was 
located  close  to  a  seam  the  grout  apparently  did  not  flow  past  the 
seam  at  all;  in  another  similar  case  the  grout  not  only  passed  the 
seam  but  flowed  freely  for  a  distance  of  three  or  four  feet  beyond  it. 

It  was  found  practicable  to  determine  closely  the  extent  of  the 
filling  beneath  the  plate  by  pounding  upon  the  bottom  with  a 
heavy  stick.  When  the  grout  at  last  ceased  to  flow  from  any  pipe, 
it  was  apparenth^  due  to  a  stoppage  at  the  bottom  of  the  pipe  it- 
self, and  there  was  no  evidence  that  hydrostatic  pressure  was  trans- 
mitted to  any  distance  around  the  pipe  in  such  a  manner  as  to 
tend  to  lift  the  bottom  plate. 

As  previously  stated,  the  spacing  of  the  grouting  holes  was 
somewhat  unfortunate,  and  we  were  not  successful  in  completely 
filling  the  space  beneath  the  bottom  plate  from  the  holes  originall}' 
drilled.  We  did,  however,  succeed  in  filling  nearly  all  of  the  space, 
and  used  132  bags  of  cement  in  the  grout  poured  through  the 
original  27  holes.  By  pounding  the  bottom  after  this  work  was 
completed,  the  points  where  additional  grouting  was  required 
were  determined,  and  were  marked.  Additional  holes  are  to  be 
drilled  at  these  points  and  the  grouting  continued,  and  we  antici- 
pate no  difl&culty  in  satisfactorily  completing  the  work. 

If  the  points  for  the  grout  pipes  had  been  located  upon  the  bot- 
tom in  advance  of  drilling,  instead  of  being  arbitrarily  placed  at  a 
fixed  distance  apart,  there  would  probably  have  been  no  difficulty 
in  completing  the  job  from  the  first  set  of  holes.  The  holes  should 
have  been  so  located  that  there  would  be  at  least  one  in  every  plate; 
they  should  be  located  approximately  axially  upon  the  center  line 
of  the  plate,  and  also  in  the  high  spots  of  the  bottom,  if  any  exist. 

A  diff'erent  method  of  insuring  that  the  bottom  of  a  standpipe  is 
in  perfect  contact  with  the  foundation  has  been  employed  by  Mr. 
William  Wheeler,  of  Boston,  in  twelve  or  fourteen  cases,  and  with 
entire  satisfaction.  This  method  consists  in  constructing  the 
bottom  of  the  tank  in  the  form  of  an  inverted  cone.  In  Mr. 
Wheeler's  practice  the  altitude  of  this  cone  has  been  uniformly  2  ft., 
and  this  method  has  been  used  on  tanks  as  large  as  40  ft.  in  diam- 
eter. 

It  is  obvious  that  the  conical  form  possesses  the  advantage  of 
being  able  to  resist  pressure  from  beneath,  without  deformation. 
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SO  that  it  is  possible  to  put  in  grout  under  pressure  without  in  any 
way  lifting  the  bottom,  and  also  that  there  is  no  opportunity  for 
air  pockets.  In  setting  these  tanks  it  has  been  Mr.  Wheeler's 
practice  to  lower  them  into  final  position  about  2  in.  above  the 
previously  constructed  masonry  foundation,  and  to  fill  the  2-in. 
space  with  a  1  to  1  mortar  mixed  rather  wet  and  forced  into  place 
by  a  long,  thin  rammer,  working  from  the  outside. 

It  is  interesting  to  note  that  Mr.  Wheeler  had  occasion,  a  few 
years  ago,  to  raise  one  of  the  standpipes  constructed  in  this  man- 
ner, from  its  original  base,  and  found  the  under  side  of  the  bottom 
plates  as  clean  and  free  from  corrosion  as  when  originally  received 
from  the  mills. 


SHERMAN.  135 


THE  WAKEFIELD  WATER  STERILIZATION  PLANT. 

BY    EDWARD    C.    SHERMAN.* 

[Reiid  Xorember  10,  19lo.\ 

The  only  chlorine  gas  plant  used  for  the  sterilization  of  a  munici- 
pal water  supply  in  Massachusetts  is  the  one  in  Wakefield,  which 
was  put  in  regular  use  on  September  1,  1914,  after  several  weeks 
of  preliminary  testing. 

Wakefield,  with  a  population  of  some  13  000,  has  a  surface  water 
supply,  taken  from  Crystal  Lake  in  the  outskirts  of  the  town  and 
pumped  directh'  into  the  mains,  a  standpipe  serving  to  take  the 
surplus  and  to  afford  a  night  supply,  the  pumps  being  run  about 
eight  hours  a  daJ^  A  considerable  part  of  the  watershed  is  under 
cultivation,  and  nmch  of  the  resident  population  is  without  sewers, 
so  that  heavy  rains  wash  a  good  deal  of  organic  matter  into  the 
lake,  raising  the  bacterial  content  very  considerably  and  at  times 
causing  dangerous  contamination. 

While  it  is  indisputable  that  filtration  is  the  only  method  by 
which  such  a  supply  can  be  rendered  always  satisfactory  in  bac- 
terial quality  and  in  appearance,  the  expense  of  installing  filters 
was  not  considered  by  the  water  board  to  be  justifiaV)le,  as  the>' 
estimate  that  the  growth  of  the  town  will  make  a  new  source  of 
supply  necessary  in  from  ten  to  fifteen  years.  Indeed,  it  is  prol)- 
able  that  the  capacity  of  Crystal  Lake  would  have  been  reached 
by  now  had  not  the  introduction  of  meters  on  services  resulted  in 
checking  the  waste  of  water  and  in  reducing  the  per-capita  con- 
sumption to  about  48  gal.  per  day. 

The  board  therefore  asked  me  to  reconuncnd  to  them  some  in- 
expensive means  by  which  the  water  could  be  kept  safe  for  domestic 
use  even  though  the  physical  characteristics  remained  unchanged, 
provided  any  such  means  were  available.  Sterihzation  would  of 
course  accomplish  that  result,  and  I  recommended  the  use  of 
chlorine  gas  on  account  of  the  simplicity  of  operating  the  apparatus 

■"Of  Rourke  &  Sherman,  Consulting  Engineers,  Boston. 
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and  of  applying  the  chemical  to  the  water.  My  recommendations 
were  adopted  and  a  plant  was  purchased  from  the  Electro- 
Bleaching  Gas  Company  of  New  York. 

The  apparatus  consists  of  a  tank,  containing  chlorine  in  liquid 
form;  a  control  board  for  the  necessary  valves  and  gages;  and  an 
absorption  tower.  Opening  the  valves  on  the  tank  and  the  control 
panel  permits  some  of  the  chlorine  to  vaporize  and  pass  through 
a  copper  tube  to  a  reducing  valve,  where  the  pressure  is  changed 
from  the  tank  pressure  of  perhaps  100  lb.  per  sq.  in.  to  6  or  7  lb.  per 
sq.  in.  The  high  and  low  pressures  are  shown  by  gages  mounted 
on  the  board.  The  gas  then  passes  through  a  rate-control  valve 
and  enters  the  tower,  where  it  is  absorbed  by  a  small  spray  of  water. 
The  chlorine  solution  thus  formed  is  then  drawn  into  the  suction 
pipe  and  is  mixed  with  the  supply  while  passing  through  the  pump. 

The  rate  of  pumping  being  very  nearly  constant,  fluctuations  in 
the  consumption  being  taken  care  of  by  the  standpipe,  the  rate  of 
application  of  the  chlorine  is  satisfactorily  controlled  by  hand, 
changes  in  the  valve  setting  seldom  being  necessary  except  when 
required  by  a  change  in  the  quality  of  the  water  being  treated. 

The  rate-control  gage,  which  shows  the  amount  of  chlorine  being 
used  in  ounces  per  hour,  consists  of  a  conical  glass  tube,  small  end 
down,  containing  a  peculiarly  shaped  platinum  float  which  is  free 
to  move  up  and  down  in  it.  The  gas,  in  passing  upward  through 
the  tube,  flows  through  the  annular  space  around  the  float  and 
raises  it  to  the  point  where  the  area  of  the  opening  is  sufficiently 
great.  The  tube  is  calibrated,  and  a  graduated  card,  set  behind  it, 
indicates  the  rate  of  flow  for  any  position  of  the  float.  The  rate 
of  using  the  gas  is  checked  by  readings  of  the  weight  of  the  tank, 
which  stands  on  platform  scales,  and  from  the  records  showing  the 
hours  of  pumping. 

A  small^  water  tank,  provided  with  a  float  valve  and  connected 
with  the  absorption  tower,  maintains  a  supply  of  water  at  a  fixed 
depth  in  the  bottom  of  the  tower.  The  water  for  absorbing  the 
chlorine  is  supplied  through  a  small  pipe  leading  to  the  top  of  the 
tower. 

During  the  first  year  of  the  operation  of  the  plant  under  my  di- 
rection,—ending  September  1,  1915,  —  75  samples  of  raw  water  and 
107  samples  of  treated  water  from  taps  in  Wakefield  were  collected 


Plate  VIII. 

N.   E.  W.  W.  ASSOCIATION. 

VOL.    XXX. 

SHERMAN    ON 

THE   WAKEFIELD   STERILIZ.\TION 

PLANT. 


\'iEW  OK  Chlorine  Control  AprARATu.s 


SHERMAN. 


137 


and  examined.  Samples  were  collected  at  intervals  of  from  one 
day  to  a  week,  depending  on  the  results  of  previous  analyses  and 
on  the  weather.  The  examinations,  which  were  made  in  the  labor- 
atory of  Mr.  Robert  Spurr  Weston,  indicated  that  the  treated 
water  was  continuously-  safe. 

The  number  of  bacteria  in  the  lake  water  has  varied  from  a 
minimum  of  only  30  per  c.c.  in  August,  1915,  to  a  maximum  of 
1420  per  c.c.  in  January,  1915,  just  after  a  hard,  warm  rain  had 
removed  a  considerable  accumulation  of  snow  and  ice  from  the 
watershed. 

The  number  of  bacteria  in  the  treated  water  has  seldom  been 
above  30  per  c.c,  the  maximum  being  56  and  the  minimum  1  per 
c.c.  In  January,  on  the  day  when  the  lake  was  in  its  worst  con- 
dition, we  found  only  16  per  c.c.  in  the  treated  water.  For  the 
year  the  averages  were,  for  Crystal  Lake,  254  per  c.c,  and  for  the 
supply  as  delivered  to  the  consumers,  18  per  c.c,  —  an  average 
removal  of  93  per  cent. 

The  averages  for  each  month  were  as  shown  in  the  following 
table. 


. 

Month. 

Crystal  Lake. 

Tap  Water. 

a 
o 

Number  of 

Average  No.  of 

Average  No.  of 

Samples. 

Bacteria  per 
c.c. 

Samples. 

Bacteria  per 
c.c. 

1914 

September 

12 

89 

16 

10 

October 

5 

81 

10 

16 

November 

4 

81 

5 

16 

December 

6 

56 

10 

9 

1915 

January 

17 

625 

19 

14 

February 

10 

220 

11 

24 

March 

4 

181 

9 

33 

April 

4 

149 

6 

23 

May 

3 

172 

5 

24 

June 

2 

285 

4 

15 

July 

4 

308 

6 

31 

August 

4 

111 

6 

16 

B.  coli  were  found  in  17  per  cent,  of  the  raw  water  samples  and 
in  none  of  the  treated  water  samples,  the  counts  being  made  on 
10  c.c 

To  secure  these  results  the  amount  of  chlorine  has  varied  from 
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a  niiniinum  of  one  part  to  2  000  000  parts  of  water,  in  December, 
1914,  to  a  maximum  of  1  part  in  about  800  000  parts  of  water  for 
a  very  short  time  in  January,  1915.  The  water  at  this  time  con- 
tained a  large  amount  of  organic  matter,  much  of  it  of  a  harmless 
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nature,  but  it  made  necessary  an  unusually  large  dose  of  disin- 
fectant in  order  to  get  the  desired  effect  on  the  bacteria.  If  the 
water  could  be  clarified  by  rapid  filtration  prior  to  the  steriliza- 
tion, it  is  probable  that  even  better  results  could  be  secured  and 
with  less  chlorine. 
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The  cost  of  the  plant  in  place  was  about  SGOO.  The  present 
cost  of  operating  it,  including  chlorine,  supervision  of  operation, 
and  interest  is  approximately  $1.25  per  million  gallons.  For  the 
year,  and  including  the  cost  of  the  almost  constant  supervision 
when  the  plant  was  first  started  and  at  times  when  the  raw  water 
was  bad,  the  cost  averaged  al)out  $1.75  per  million  gallons. 

Although  the  results  of  the  use  of  chlorine  have  been  good  in 
Wakefield,  it  must  be  remembered  that  no  method  of  steriliza- 
tion can  remove  turbidity  or  much  of  the  color,  so  it  can  never  take 
the  place  of  filtration.  Of  the  cynical  who  may  advance  the  argu- 
ment that  the  success  of  the  treatment  is  dependent  on  the  faith- 
fulness and  intelligence  of  those  in  charge,  I  can  only  ask  if  it  is 
not  equallv  true  of  any  other  kind  of  a  purification  plant.  No 
purification  plant  will  run  itself,  and  the  human  element  must 
always  be  considered.  However,  as  it  is  becoming  increasingly 
more  difficult  to  secure  adequate  natural  supplies  of  pure  water, 
processes  of  artificial  purification  are  absolutely  necessaiy  and 
I  am  convinced  that  sterilization  has  its  proper  place  among  them 
and  that  it  is  especially  valuable  for  small  surface-water  supplies, 
where  conditions  do  not  justify  the  expense  of  filtration. 

DISCUSSION. 

Mr.  John  A.  Kienle*  {by  letter).  With  regard  to  Mr.  Sherman's 
statement  near  the  end  of  his  paper,  that  no  method  of  sterilization 
can  remove  much  color,  I  wish  to  call  attention  to  the  results  which 
Mr.  Robert  Spurr  Weston  obtained  at  Exeter,  N.  H.,  where  by  the 
use  of  liquid  chlorine  he  was  enabled  to  save  a  considerable  quan- 
tity of  alum  which  was  used  there  in  the  filtration  plant  for  the 
reduction  of  color,  and  that  by  using  the  chlorine  the  color  was 
rendered  decidedly  better  than  that  obtained  previously  by  the 
use  of  alum.  The  results  obtained  are  shown  in  the  following 
brief  tabulation  taken  from  the  September,  1914,  issue  of  the 
American  Water  Works  Association. 

June. 
1913.         1914. 

Color,  reservoir 90.0       75.0 

Color,  effluent 45.0        0.0 

♦Sanitary  Engineer,  New  York. 
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A  similar  experience  is  reported  from  St.  Catharines,  Ont.,  Mr. 
Milne  advising  me  that  there  has  been  quite  a  noticeable  reduc- 
tion in  the  color  of  the  water.  I  believe  that,  if  this  matter  were 
further  investigated  by  competent  engineers  and  chemists,  some 
very  interesting  data  could  be  obtained.  Many  of  the  chlorine 
gas  plants  which  have  been  installed  are  not  under  scientific  super- 
vision, and  matters  of  this  kind  are  seldom  considered. 

The  costs  given  by  Mr.  Sherman  for  sterilizing  the  Wakefield 
water  are  rather  higher  than  the  average  cost  for  other  plants,  due 
to  the  high  organic  content  of  the  Wakefield  supply,  which  necessi- 
tates an  excessive  quantity  of  chlorine.  It  is  seldom  that  with 
raw,  unfiltered  waters  it  is  necessary  to  use  more  than  three  or  four 
pounds  of  liquid  chlorine  per  million  gallons,  giving  a  cost  of  less 
than  50  cents  per  million  gallons;  while  on  filtered  waters  the  aver- 
age quantity  used  is  less  than  two  pounds  per  million  gallons,  cor- 
responding to  a  maximum  cost  of  about  25  cents  per  million  gallons. 

Mr.  Robert  S.  Weston.*  I  might  say,  in  explanation  of  Mr. 
Kienle's  criticism  or  discussion,  that  the  two  cases,  the  one  at 
Wakefield  and  the  one  at  Exeter,  are  hardly  parallel.  At  Wake- 
field, chlorine  is  added  to  water  and  nothing  further  done  to  it. 
At  Exeter,  chlorine  is  added  to  the  water;  then  sulphate  of  alumina 
is  added,  and  the  whole  is  filtered.  While  it  is  true,  as  Mr.  Kienle 
says,  that  the  addition  of  chlorine  makes  better  color  reduction 
possible,  it  is  not  true  that  if  chlorine  alone  were  added  to  the 
Exeter  water  there  would  be  an  appreciable  reduction  of  color 
unless  the  water  was  treated  and  filtered  afterwards. 

Mr.  Caleb  M.  Saville.j  Our  experience  at  Hartford  with 
chlorine  gas  is  that  there  was  quite  a  little  reduction  in  color. 

I  would  like  to  ask  Mr.  Sherman  if  he  had  any  trouble  with  after- 
growths in  tap  water.  I  would  also  like  to  ask  what  the  tempera- 
ture of  the  room  was  in  which  his  apparatus  is  located,  and  whether 
or  not  he  has  noticed  any  differences  in  the  efficiency  of  the  ap- 
paratus with  variation  of  temperature. 

Mr.  Sherman.  In  regard  to  Mr.  Kienle's  remarks  about  color 
removal,  we  have  not  made  any  examinations  of  the  color  of  the 
Wakefield  water,  as  it  has  not  been  of  particular  interest.     The 

*  Of  Weston  &  Sampson,  Consulting  Engineers,  Boston, 
t  Chief  Engineer,  Water  Commission,  Hartford,  Conn. 
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sole  object  of  the  use  of  chlorine  there  has  been  to  reduce  the  num- 
ber of  bacteria  and  thereby  to  make  a  water  which,  while  not  par- 
ticularly good  in  appearance,  is  nevertheless  safe  to  use  for  drink- 
ing. And  that  I  believe  we  have  done.  Mr.  Kienle  also  speaks 
of  the  amount  of  chlorine  used  in  Wakefield  as  excessive  compared 
with  some  of  his  figures.  It  is,  perhaps,  but  we  have  never  had 
to  use  an  amount  which  could  be  detected  in  the  water  by  taste 
or  smell.  His  statement  that  fifty  cents  per  million  gallons  is  a 
reasonable  cost  seems  to  me  to  be  based  on  the  cost  of  the  chlorine 
only.  Now  Wakefield  has  had  to  pay  for  the  chlorine,  of  course,  but 
in  order  to  feel  sure  that  we  were  getting  good  results,  the  town 
has  also  paid  for  a  large  number  of  analyses,  which,  of  course,  are 
rather  expensive,  and  for  engineering  supervision,  which  very  few 
plants,  as  Mr.  Kienle  says,  have. 

In  answer  to  Mr.  Saville's  inquiry  about  after-growths,  I  have 
not  noticed  that  there  has  been  any  trouble  in  that  way.  Chlorine 
is  applied  to  the  water  just  before  it  goes  into  the  pumps,  from 
which  it  goes  immediately  to  the  mains,  and  the  samples  have 
shown  a  large  and  very  satisfactory  reduction  of  bacteria.  The 
temperature  in  the  pumping  station  must  be  between  80  and  90 
degrees,  I  think,  although  I  have  not  read  a  thermometer  there. 
It  is  always  very  warm.  I  am  not  able  to  say  whether  the  efficiency 
is  affected  by  that  or  not,  because  the  only  records  that  I  have  are 
bacterial  counts  of  samples  of  the  raw  water  and  of  the  treated 
water  taken  at  the  same  time. 

The  efficiency  has  been  about  93  per  cent,  for  the  year.  This 
method  of  recording  efficiency  by  percentages  is  in  some  ways 
unsatisfactory.  1  think  93  per  cent,  would  perhaps  sound  low  to 
a  filter  man  who  expects  to  get  a  removal  of  98  or  99  per  cent,  of 
the  bacteria.  If  the  raw  water  contains  a  thousand  bacteria  per 
cu.  cm.  it  is  easy  to  get  a  99  per  cent,  reduction,  whereas  when  there 
are  only  200  it  is  exceedingly  difficult. 

Mr.  Frank  L.  Fuller.*  I  would  like  to  inquire  whether  there 
is  any  appreciable  precipitation  due  to  this  treatment. 

Mr.  Sherman.  I  do  not  see  why  any  should  be  caused,  but 
there  is  no  way  we  can  tell  because  the  water  goes  on  into  the 
mains  and  we  have  no  way  of  measuring  it. 

*  Civil  Engineer,  Boston. 
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Mr.  Saville.  Mr.  Sherman's  apparatus  is  apparently  very 
favorably  situated,  and  he  should  have  very  good  results  from  it. 
The  apparatus  that  we  have  at  Hartford  is  located  in  a  small  build- 
ing by  itself,  and  we  found  that  we  had  to  have  artificial  heat  there 
with  it  for  a  great  part  of  the  time  in  order  to  get  the  best  results. 

Mr.  Sherman.  The  minor  water  supply  which  absorbs  the 
chlorine  is  not  warmed  except  as  it  may  be  by  passing  through  a 
small  pipe  in  the  pumping  station  for  a  short  distance.  It  flows 
very  slowly,  and  it  may  be  that  the  temperature  is  raised  a  very 
little,  but  I  should  not  imagine  that  in  winter  it  would  be  warmed 
appreciably. 
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Annual  Meeting. 

Hotel  Brunswick, 
Boston,  Mass.,  January  12,  1916. 

The  President,  Leonard  Met  calf,  in  the  chair. 
The  following  members  and  guests  were  present: 

Honorary  Members. 

E.  C.  Brooks,  G.  A.  Stacy,  R.  C.  P.  Coggeshall,  A.  S.  Glover,  F.  E.  Hall, 
F.  P.  Stearns.  —  6. 

Members. 

C.  L.  Baker,  L.  M.  Bancroft,  F.  S.  BaUey,  F.  A.  Barbour,  A.  E.  Blackmer, 
J.  W.  Blackmer,  George  Bowers,  Bertram  Brewer,  James  Burnie,  George  Cas- 
.sell,  J.  C.  Chase,  F.  L.  Clapp,  E.  S.  Cole,  J.  E.  Conley,  John  Cullen,  J.  M. 
Diven,  H.  P.  Eddy,  E.  D.  Eldredge,  A.  L.  Fales,  S.  F.  Ferguson,  G.  H.  Fin- 
neran,  F.  F.  Forbes,  Patrick  Gear,  F.  J.  Gifford,  T.  C.  Gleason,  R.  K.  Hale, 
J.  O.  Hall,  D.  A.  Heffernan,  J.  L.  Howard,  A.  C.  Howes,  G.  A.  Johnson,  H.  R. 
Johnson,  W.  S.  Johnson,  E.  W.  Kent,  Willard  Kent,  T.  E.  Lally,  J.  B.  Longley, 
E.  J.  Looney,  F.  A.  Mclnnes,  Hugh  McLean,  H.  V.  Macksey,  W.  E.  Maybury, 
John  Mayo,  J.  H.  Mendell,  F.  E.  Merrill,  Leonard  Metcalf,  H.  A.  Miller, 
J.  W.  Murphy,  William  Naylor,  A.  S.  Negus,  T.  A.  Pierce,  C.  E.  Perry,  H.  G. 
Pillsbury,  L.  C.  Robinson,  P.  R.  Sanders,  C.  M.  Saville,  C.  W.  Sherman,  E.  C. 
Sherman,  H.  M.  Sinclair,  M.  A.  Sinclair,  G.  Z.  Smith,  Sidney  Smith,  G.  H. 
Snell,  C.  M.  Spofford,  F.  O.  Stevens,  W.  F.  Sullivan,  H.  A.  Symonds,  R.  J. 
Thomas,  Milton  Thorne,  J.  L.  Tighe,  A.  H.  Tillson,  D.  N.  Tower,  W.  J.  Turn- 
bull,  J.  H.  Walsh,  R.  S.  Weston,  J.  P.  Wentworth,  G.  C.  Whipple,  O.  J.  Whit- 
ney, F.  I.  Winslow,  G.  E.  Winslow,  1.  S.  Wood.  —  8L 

Associates. 

Harold  L.  Bond  &  Co.,  G.  S.  Hodges;  Builders  Iron  P'oundry,  A.  li.  Coulters 
and  F.  N.  Connet;  A.  M.  Byers  Co.,  H.  F.  Fiske;  Chapman  Valve  Mfg.  Co., 
V.  N.  Bengle  and  J.  T.  Mulgrew;  Darling  Pump  and  Mfg.  Co.,  H.  A.  Snyder; 
Eddy  Valve  Co.,  H.  W.  Dotten  and  John  Knickerbacker;  F.  H.  Hayes  Machin- 
ery Co.,  F.  H.  Hayes;  Hersey  Mfg.  Co.,  A.  S.  Glover  and  J.  Herman  Smith; 
Lead  Lined  Iron  Pipe  Co.,  T.  W.  Dwyer;  Ludlow  Valve  Mfg.  Co.,  A.  A.  Taylor 
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and  G.  A.  Miller;  H.  Mueller  Mfg.  Co.,  G.  A.  Caldwell;  National  Meter  Co., 
H.  L.  Weston;  Neptune  Meter  Co.,  H.  H.  Kinsey;  Norwood  Engineering  Co., 
H.  W.  Hosford  and  F.  M.  Sears;  Rensselaer  Valve  Co.,  C.  L.  Brown  and  F.  S. 
Bates;  A.  P.  Smith  Mfg.  Co.,  F.  L.  Northrop;  Thomson  Meter  Co.,  S.  D. 
Higley  and  E.  M.  Shedd;  Union  Water  Meter  Co.,  F.  E.  Hall;  Water  Works 
Equipment  Co.,  W.  H.  Van  Winkle;  R.  D.  Wood  &  Co.,  H.  M.  Simons;  Henry 
R.  Worthington,  Samuel  Proctor  and  W.  F.  Bird.  — 30. 

Guests. 

Thomas  F.  Dorsey,  Edgartown,  Mass.;  James  Kinloch,  E.  Greenwich,  R.  I.; 
Walter  Skinner,  secretary  board  of  health,  Braintree,  Mass.;  Mr.  Collins, 
Cambridge,  Mass.;  John  A.  Carter,  Maiden,  Mass.;  F.  W.  Mathers,  Boston; 
Mass.;  G.  E.  Gormley,  Abington,  Mass.;  George  N.  Buckhont,  Newport,  R.  I., 
D.  J.  Dever,  H.  D.  Coombs,  H.  S.  O'Brien,  J.  P.  Perham,  Boston,  Mass.;  Wm. 
J.  Murray,  Rumford,  R.  I.;  Wm.  A.  Bradford,  president  South  Shore  Water 
Plant,  Quincy,  Mass.;  Mr.  Putnam,  Lowell,  Mass.;  C.  F.  Gettemy,  State 
Board  of  Statistics,  Boston,  Mass.;  Theodore  M.  Waddell,  Boston,  Mass.  — •  17. 

The  Secretary  presented  the  following  applications  for  member- 
ship, properly  endorsed  and  recommended  by  the  Executive  Com- 
mittee : 

E.  D.  Bistline,  Newport,  Pa.,  secretary  of  Hanover  &  Washing- 
ton Water  Co.,  Newport  Home  Water  Co.,  Lebanon  Valley  Con- 
solidated Water  Supply  Co.,  Middletown  &  Swatara  Consolidated 
Water  Co.,  and  other  water  companies;  Edward  G.  Gushee,  Phila- 
delphia, Pa.,  2d  assistant  engineer,  Bureau  of  Water,  Philadelphia; 
George  Mitchell,  Aberdeen,  Scotland,  engaged  exclusively  on 
water  works  for  twenty-two  years,  at  present  principal  assistant 
to  city  water  engineer  on  a  scheme  costing  £500,000;  Fred  B.  Nel- 
son, New  York  City,  civil  and  hydraulic  engineering;  William  G. 
Newhall,  Portland,  Me.,  assistant  superintendent  Portland  Water 
District;  James  A.  Steele,  Jr.,  Vicksburg,  Miss.,  water  works  for 
past  ten  years,  at  present  manager  of  city  water  works,  Vicks- 
burg, Miss.;  Edward  Mayo  Tolman,  Charleston,  W.  Va.,  health 
departments  of  Massachusetts,  Maryland,  and  West  Virginia,  chief 
engineer  state  department  of  health,  W.  Va. ;  Joseph  F.  Ranger, 
Holyoke,  Mass.,  water  commissioner,  Holyoke,  Mass.;  Raymond 
Walker,  Edgartown,  Mass.,  superintendent  Edgartown  Water  Co.; 
John  P.  Wentworth,  Maiden,  Mass.,  assistant  engineer,  Metcalf  & 
Eddy,  Boston,  Mass. 
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On  motion,  duly  seconded,  the  Secretary  was  directed  to  cast 
the  ballot  of  the  Association  in  favor  of  the  applicants,  and  he 
having  done  so  they  were  declared  duh^  elected  members  of  the 
Association. 

Report  of  the  Executive  Committee. 

The  President,  Mr.  Leonard  Metcalf,  for  the  Executive  Com- 
mittee, presented  the  following: 

report    upon     the    activities     of     the    new     ENGLAND    WATER 
W^ORKS   ASSOCIATION   DURING   THE   YEAR    1915. 

Membership. 

The  Secretary's  report  indicates  that  we  have  now  a  member- 
ship only  39  less  than  a  full  thousand. 

It  is  perhaps  interesting  to  note  the  changes  in  rate  of  growth 
of  the  Association  during  various  periods.  As  will  be  seen  from 
the  diagram  before  you,  during  the  first  seventeen  years  the  net 
rate  of  increase  was  fairly  uniform,  averaging  34  members  per  year; 
during  the  next  six  years  there  were  considerable  losses,  due  mainlj- 
to  the  increase  in  annual  dues  from  $2  to  $3,  and  the  average  net 
increase  was  but  5  members  per  year;  then  for  nine  j^ears  the  in- 
crease averaged  17  per  year,  while  during  the  past  two  years  the 
average  growth  has  been  102.  For  the  whole  34  years  the  average 
net  rate  of  increase  was  28  members  per  year.  A  considerable 
portion  of  the  gain  for  the  past  year  (114)  resulted  more  or  less 
directly  from  the  action  of  the  Association  in  abating  the  entrance 
fee  for  members  of  the  American  Water  Works  Association  joining 
in  the  year  1915.  Ninety-two  members  and  8  associates,  or  100 
in  all,  took  advantage  of  this  offer. 

It  is  l)elieved,  however,  that  the  work  of  the  Association  is  not 
as  thoroughly  appreciated,  by  water  departments  and  water  l)oards 
in  many  of  the  smaller  communities  of  New  England,  as  it  should 
be;  and  that  further  effort,  which  must  be  largely  of  a  personal 
nature,  could  and  should  be  made,  in  the  interest  alike  of  the 
public  and  of  the  Association,  to  reach  these  men  and  boards, 
with  a  view  to  further  extending  the  activities  and  usefu  work  of 
the  Association. 
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Deaths. 

The  Association  has  lost,  by  death,  during  the  year,  the  fol'ow- 
ing  members:  H.  H.  Barnes,  Dexter  Brackett,  Eben  R.  Dwyer, 
E.  A.  Ellsworth,  John  H.  Flynn,  W.  A.  McFarland,  Thomas  F. 
Richardson,  J.  Herbert  Shedd,  J.  F.  Sprenkell,  Francis  P.  Wash- 
burn, and  E.  P.  Whitten. 

Meetings. 

The  usual  number  of  meetings  has  been  held  and  the  attendance 
has  been  good.  The  June  field  day  took  the  form  of  a  joint  ex- 
cursion with  the  Boston  Society  of  Civil  Engineers;  and  a  ball 
game  between  teams,  representing  the  two  associations,  was  an 
important  feature.  This  contest  was  much  enjoyed,  and  it  is 
believed  that  a  similar  plan  for  future  excursions  may  be  advan- 
tageous. 

The  annual  convention  in  New  York  was  very  successful,  thanks 
to  the  efficient  work  of  the  able  local  committee,  headed  by  Alfred 
D.  Flinn,  and  the  friendly  cooperation  with  it  of  the  associates  and 
the  Manufacturers  Association  representatives.  The  papers 
were  largely  of  a  practical  nature  and  were  well  received,  and  the 
exhibits  were  excellent. 

Papers. 

It  has  been  the  constant  endeavor  of  your  officers  to  secure 
papers  which  should  be  thoroughly  practical.  They  recognize 
that  the  Association  exists  primarily  for  the  benefit  of  men  en- 
gaged in  the  actual  operation  of  water  works,  and  that  the  scientist 
and  engineer  fit  into  its  activities  only  as  they  help  along  water- 
works science  and  art  and  draw  out  from  the  practical  water-works 
men  their  experiences  in  the  building  and  operation  of  water  works, 
which  may  be  of  value  to  their  fellow-men. 

Committees. 

The  past  reputation  of  this  Association  has  been  won,  in  con- 
siderable measure,  by  the  work  of  its  committees.  The  work  done 
during  the  past  year  compares  favorably  with  that  of  other  years, 
although  none  of  the  existing  committees  has  made  its  final  report 
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during  this  period.  A  l)rief  reference  to  the  work  of  these  com- 
mittee is  perhaps  desirable. 

The  committee  on  Filtration  Statistics  (G.  C  Whipple, 
chairman)  made  a  report  which  was  accepted,  in  which  was  out- 
lined a  standard  form  for  recording  statistics  of  filter  operation. 
The  committee  was  continued,  to  work  for  the  adoption  and  use 
by  filtration  plants  of  the  proposed  forms.  It  reports  good  prog- 
ress in  this  direction. 

The  committee  on  Meter  Rates  (Allen  Hazen,  chairman)  made 
a  very  valuable  report,  covering  the  question  of  rates  in  an  ad- 
mirable manner.  It  was  continued  in  order  to  consider  the  ques- 
tion of  "  water-unaccounted-for,"  and  will  probably  report  upon 
that  subject  at  an  early  meeting,  rendering  its  final  report  at  that 
time. 

The  conmiittee  on  Cast-Iron  Pipe  Specifications  (F.  A.  Mc- 
Innes,  chairman),  which  has  been  in  existence  for  several  years,  has 
devoted  itself  to  an  attempt  to  secure  concerted  action  with  a 
similar  committee  of  the  American  Water  Works  Association. 
Marked  advance  has  been  made  in  bringing  the  two  committees 
together,  to  the  end  of  unifying  views,  and  it  is  believed  that 
substantial  progress  toward  final  report  will  be  made  in  the  near 
future. 

The  committee  on  Standard  Hydrant  Specifications  (H.  O. 
Lacount,  chairman)  reported  in  1914  and  the  suggested  specifica- 
tions were  adopted,  with  the  exception  of  two  or  three  clauses 
which  were  referred  back  to  the  committee  for  further  considera- 
tion. The  chairman  of  the  committee  reports  that  effort  has  been 
made  to  get  the  cooperation  of  the  manufacturers,  in  pr(\senting 
or  developing  further  information  concerning  the  size  of  the  valve 
and  the  amount  of  friction  loss  in  hydrants  of  various  makes,  with- 
out success,  and  desires  expression  of  opinion  as  to  the  further 
wishes  of  the  Association.  It  is  suggested  that  further  effort  be 
made  to  obtain  the  active  cooperation  of  the  manufacturers,  or, 
failing  in  this,  that  the  Association  take  early  action  upon  the 
specifications,  as  outlined  l)y  the  conunittee,  with  a  view  to  advan- 
tageous standardization  of  practice  as  far  as  this  may  prove  possi- 
ble. 

The  committee  on  Service  Pipes  (WilUam  S.  Johnson,  chair- 
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man)  has  obtained  and  tabulated  a  large  amount  of  information 
relative  to  practice  in  different  places  and  the  experiences  had 
with  service  pipe  made  of  different  materials.  The  data  are  being 
analyzed  in  an  attempt  to  determine  the  reasons  for  the  variety 
of  experience  recorded. 

The  committee  on  Leakage  from  Pipe  Joints  (F.  A.  Barbour, 
chairman)  was  appointed  in  September,  and  has  not  yet  had  time 
to  make  marked  progress.  It  has,  however,  outlined  the  form  of 
circular  to  be  used  in  obtaining  information,  which  will  be  issued 
in  the  near  future.  Members  are  urged  to  cooperate  conscien- 
tiously with  the  committee,  by  prompt  compliance  with  requests 
for  information  and  by  furnishing  as  complete  data  as  possible. 
The  work  which  the  committee  is  undertaking  is  of  great  impor- 
tance to  members  of  this  Association  and  the  public,  but  its  results 
can  be  of  value  only  if  the  necessary  information  is  furnished  to 
the  committee. 

The  committee  on  Brackett  Memorial  (Frederic  P.  Stearns, 
chairman),  appointed  to  procure  the  necessary  funds  and  to  draft 
rules  for  the  award  of  a  bronze  medal  to  be  given  annually  for  the 
most  meritorious  paper  presented,  as  a  memorial  to  past-president 
Dexter  Brackett,  report  that  a  sufficient  fund  has  already  been 
guaranteed  by  a  few  of  the  members  of  the  Association  to  assure 
the  success  of  the  memorial,  and  there  will  soon  be  given  to  the 
entire  membership  opportunity  to  contribute  to  this  memorial 
which,  it  is  believed,  will  be  welcomed.  The  contributions  are  to 
be  purely  voluntary  and  of  such  amount  only  as  the  donors  may 
feel  impelled  to  make.  It  is  thought  that  Mr.  Brackett  himself 
would  have  felt  that  no  better  type  of  memorial  than  this  could 
have  been  suggested. 

The  Executive  Committee  has  given  careful  consideration  to 
the  subject  of  Legislative  Committees,  referred  to  it  at  the  last 
meeting.  It  recommends,  however,  that  action  be  deferred  until 
the  new  Executive  Committee  can  consider  the  subject,  and  in  the 
meantime  it  will  submit  to  the  new  board  its  tentative  conclusions. 

Pan-American  Scientific  Congress. 

The  Association  was  represented  at  the  Second  Pan-American 
Scientific  Congress,  which  has  just  concluded  its  session  at  Wash- 
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ington,  by  Mr.  Alfred  D.  Flinn,  who  not  only  participated  in  the 
meetings  of  the  engineering  section  of  the  Congress,  but  presented 
a  paper  on  "  Reservoirs  for  Municipal  Water  Supply." 

Journal. 

This  year's  volume  of  the  Journal  has  been  the  largest  since 
1910,  and  is  the  next  to  the  largest  ever  published  by  the  Associa- 
tion. It  contains  26  papers,  some  of  which  were  presented  at  the 
1914  convention.  It  is  especially  noteworthy  as  containing  Mr. 
X.  H.  Goodnough's  paper  upon  "  Rainfall  in  New  England." 
The  cost  of  printing  this  paper  and  the  report  of  the  committee 
(of  which  Mr.  Frederic  P.  Stearns  was  chairman)  upon  "  Yield  of 
Drainage  Areas  "  was  very  large,  as  the  former  covered  201  pages, 
chiefly  of  tabular  statistics,  and  the  latter  74  pages,  containing 
many  tabulations  and  diagran^s,  so  that  the  year's  volume  has 
been  an  unusually  expensive  one,  involving  an  additional  cost  of 
upwards  of  one  thousand  dollars.  Nevertheless,  the  publication 
of  these  papers  is  believed  to  have  been  fully  justified  and  of  great 
value  to  the  public  and  those  particularly  interested  in  the  sub- 
jects covered.  The  excessive  cost,  which  results  in  a  deficit  for 
the  year's  operations,  should  therefore  not  be  a  matter  of  regret. 

The  increased  circulation  of  the  Journal,  from  953  to  1  079, 
due  to  the  increase  in  membership,  also  involved  increased  expense. 

In  a  report  to  your  President,  the  editor,  Mr.  Richartl  K.  Hale, 
states  that  with  the  present  number  of  meetings  and  the  type  of 
papers  presented,  it  is  probable  that  the  size  of  the  Journal  will 
average  nearly  600  pages  in  the  future.  The  committee  reports 
are  nearly  always  expensive,  but  they  have  been  very  valuable  to 
the  Association,  its  members  and  the  public,  so  that  the  portion 
of  the  annual  dues  of  members,  which  should  be  attributable  to 
the  Journal,  is  likely  to  average  more  than  $1.50  per  member  as 
time  goes  on,  unless  something  is  done  to  increase  the  revenue. 
The  revenue  increase  can  be  reached  in  two  ways,  by  increase  of 
dues  or  by  increase  in  advertising.  Both  of  these  subjects  could 
be  discussed  with  profit,  by  the  Executive  Committee,  which  will 
soon  be  compelled  to  act  upon  them. 
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Finances. 

As  reported  in  detail  by  the  Treasurer,  Lewis  M.  Bancroft,  the 
cash  balance  on  hand  at  the  beginning  of  the  year  was  $3,645.51 
the  general  current  receipts  for  the  year  amounted  to  $7,123.84 
the  interest  on  bonds  and  deposits,  $214.72,  —  a  total  of  $7,338.56 
the  expenditures  to  $8,569.16;  leaving  a  cash  balance  on  hand  at 
the  end  of  the  year  of  $2,414.91. 

The  decrease  in  cash  balance  is  attributable,  as  already  stated, 
wholly  to  the  excessive  cost  of  the  Journal,  due  to  the  statistical 
data  contained  in  two  important  and  valuable  papers.  Since  the 
Association  has  received  an  equivalent  in  value  for  the  expenditure 
of  these  funds,  there  would  seem  to  be  no  cause  for  anxiety  over 
the  decrease,  as  the  publication  of  such  statistical  reports  is  not 
of  annual  occurrence. 

Respectfully  submitted, 

Leonard  Metcalf, 

For  the  Executive  Committee. 

The  Secretary,  Mr.  Willard  Kent,  presented  his  annual  report 
as  follows: 

Report  of  the  Secretary. 

January  1,  1916. 

Mr.  President  and  Gentlemen  of  the  Neiv  England  Water  Works  Association, — 
The  Secretary  submits  herewith  the  following  report  of  the  changes  in  mem- 
bership during  the  past  year,  and  the  general  condition  of  the  Association. 

The  present  membership  is  961,  constituted  as  follows:  18  Honorary,  862 
Members,  and  81  Associates.  That  of  one  year  ago  was  847,  comprised  of 
11  Honorary,  766  Members,  and  70  Associates.  A  net  gain  for  the  year  of  114. 
The  detailed  changes  are  as  follows : 

MEMBERSHIP. 

January  1,  1915.     Honoiary  Members 11 

Transferred  from  "  Members  " .  .  .  .  7 

18 

January  1,  191.5.     Total  Members 766 

Withdraw^als: 

Resigned 26 

Dropped 13 
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Died 11 


oO 


Transferred  to  "  Honorary  Mem- 
bers " 


Initiations : 

January 7 

February 5 

March 2 

June 76 

September 34 

November 13 

December 8 


145 


709 


Reinstated : 

Members  resigned  in  '99 1 

„         „  '05 1 

,,'14 2 

,,         dropped  in  '05 2 

6 

Elected  1914,  qualified  1915 2       153 


January  1,  1915.     Total  Associates 70 

Withdrawals : 

Resigned 1 

Initiations: 

June 1 

September 8 

November 1 

10 

Reinstated : 

Associate  resigned  in  '13 1 

„         ,,'14 1         2       12 


—  862 


69 


81 


January  1,   1916.     Total  membership 961 

January-  1,  1915.     Total  membership 847 

Net  gain 114 

The  Secretary  has  received  and  paid  to  the  Treasurer,  $7  123.84. 

Of  this  amount  the 

Receipts  for  initiation  fees  were $274.00 
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From  dues  of  members $2  .560.50 

From  dues  of  members,  fractional 41.50 

From  dues  of  members,  past 21.00 


$2  623.00 

From  dues  of  Associates $1  050.00 

From  dues  of  x\ssooiates,  fractional 61.50       1  111.50 


Total  from  dues S3  734.50 

From  advertisements 1  755.00 

From  subscriptions 213.00 

From  Journals 142.26 

From  sundries 1  005.08 


Total  as  above -$7  123.84 

There  is  due  the  Association  at  this  date: 

For  advertising $30.00 

For  specifications .30 

For  certificate 1  ..50 

For  subscriptions 18.00 


Total  amount  due $49.80 

Respectfully  submitted, 

WILLARD  KENT,  Secretary. 


Report  of  the  Treasurer. 

The  Treasurer,  Mr.  Lewis  M.  Bancroft,  submitted  the  following 
report : 

CLASSIFICATION    OF    RECEIPTS    AND    EXI ENDITURES. 

Receipts. 

Dividends  and  interest $220.61 

Initiation  fees $274.00 

Dues ■ 3  734..50 

Total  received  from  members 4  008.50 

Journal: 

Advertisements $1  755.00 

Subscriptions 213.00 

Sale  of  Journals 142.26 

Sale  of  reprints 42.00 

Total  received  from  Journal ^  .  .  . 2  152.26 
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Miscellaneous  receipts: 

Sale  of  "  Pipe  Specifications  " $20.00 

Dinners 837.00 

Certificates  of  membership 34.50 

Buttons 2.25 

Miscellaneous 63.44 


Total  miscellaneous  receipts $957.19 

Total  receipts $7  338.56 

Expenditures. 
Journal: 

Advertising  agent,  commission $225.90 

Plates 187.93 

Printing 3  453.60 

Editor's  salary 375.00 

Expense 48.42 

Advance  reports 19.00 

Reporting 297.20 

Reprints 160.50 

Envelopes,  postage,  and  mailing 74.88 

$4  842.43 


Office: 

Secretary,  salary $200.00 

Expense 26.35 

Assistant  Secretary,  salary 600.00 

Expense 293.22 

Rent 400.00 

Printing,  stationery,  and  postage 417.76 

Membersliip  ILsts 212.75 


2  1.50.08 


Meetings  and  Committees: 

Stereopticon $50.00 

Dinners $867.50 

Cigars .57.10 

Music 105.00 

Extra  menu 10.00 

— ■ — ■ •      1  039.60 


Printing,  stationery,  and  postage 299.11 

Badges 15.14 

Tracings 6.00 


1  409.85 

Treasurer's  salary  and  bond 67. .50 

Certificates  of  membership 51. .30 

Miscellaneous 48.00 

$8  569.16 
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The  Editor,  Mr.  Richard  K.  Hale,  submitted  the  following 
report : 

Report  of  the  Editor. 

Boston,  January  12,  1916. 

To  the  New  England  Water  Works  Association,  —  I  present  the  following 
report  for  the  Journal  of  the  New  England  Water  Works  Association 
for  the  year  1915. 

The  accompanying  tabulated  statements  show  in  detail  the  amount  of 
material  in  the  Journal;  the  receipts  and  expenditures  on  account  of  Volume 
XXIX  (1915),  and  a  comparison  with  the  conditions  of  preceding  years. 

Size  of  Volume.  —  With  the  exception  of  Volume  XXIV,  this  is  the  largest 
vohime  yet  published. 

Illustrations.  — •  The  total  cost  of  illustrations  for  the  year,  including  print- 
ing, has  been  .$406.43,  or  9.6  per  cent,  of  the  gross  cost  of  the  volume,  which  is 
about  the  average. 

Reprints.  —  The  usual  number  of  reprints  has  been  furnished  to  authors 
without  charge,  and  additional  reprints  when  desired  have  been  furnished  at 
cost.  The  n^t  cost  to  the  Association  on  this  account  has  been  .$160.50,  which 
is  about  normal. 

Advance  Copies.  —  Advance  copies  of  one  paper  only  have  been  published, 
at  a  cost  of  .I10..50. 

Advertise merds.  — ■  There  has  been  an  average  of  25  pages  of  paid  advertising, 
with  an  income  of  $1  755,  a  considerable  increase  over  last  year. 

Circulation.  —  The  present  circulation  of  the  Journal  is: 

Members 961 

Subscribers 87 

Exchanges 31 

Total 1  079 

an  increase  of  126  over  the  preceding  year.     Journals  have  also  been  sent  to 
43  advertisers. 

Pipe  Specifications.  —  During  the  year  specifications  to  the  value  of  .$20.20 
have  been  sold.  None  has  been  printed  during  the  year.  The  net  gain  up 
to  a  year  ago  had  been  $274.05,  so  that  the  total  gain  net  from  this  source  to 
date  is  $294.25.     There  are  on  hand  about  225  copies. 

The  Association  has  a  credit  of  $4.19  at  the  Boston  Post-Office,  being  the 
balance  of  the  money  deposited  for  payment  of  postage  upon  the  Journal  at 
pound  rates. 

There  are  no  outstanding  bills,  on  account  of  the  Journal,  which  are  not 
included  in  these  tables. 

Respectfully  suljmitted, 

RICHARD  K.  HALE,  Editor. 
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TABLE  1. 

Statement  of  Material  in  Volume  XXIX,  Journal  of  the  New 
England  Water  Works  Association,  1915. 
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Date. 
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Total 

495 
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115 

16 

38 

776 

81 

TABLE  2. 

Receipts  and  Expenditures  on  Account  of  Volume  XXIX,  Journal  of 
THE  New  England  Water  Works  Association,  1915. 

Receipts. 

Advertisements SI  755.00 

Sale  of  Journals 142.26 

Sale  of  reprints 42.00 

Subscriptions 213.00 


Net  co.'it  of  volume . 


$2  152.26 
2  091.09 


243.35 


Expenditures. 

Printing  Journal  .... 

$2  757.94 

Printing  illustrations . . 

212.50 

Preparing  illustrations. 

193.93 

Editor's  salary 

300.00 

Editor's  incidentals .  .  . 

37.23 

Advertising  agent's  com- 

missions  

231.35 

Reporting 

297.40 

Reprints 

202.50 

Advance  copies 

10.50 

243.35 
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TABLE  4. 
Comparison  of  the  Material  in  Volumes  XX  to  XXIX  Inclusive. 


Year. 

Total  Text. 

Miscellar 
neous. 

Advertise- 
ments. 

Plates. 

Total 
Pages. 

1 
Total  Cuts. 

1906 

495 

23 

115 

29 

662 

41 

1907 

500 

24 

125 

20 

669 

97 

1908 

500 

24 

118 

39 

691 

47 

1909 

459 

23 

108 

37 

627 

28 

1910 

643 

28 

119 

18 

808 

38 

1911 

475 

25 

128 

26 

654 

57 

1912 

401 

24 

120 

22 

567 

53 

1913 

554 

27 

117 

35 

733 

118 

1914 

564 

23 

119 

13 

719 

55 

1915 

596 

27 

115 

38 

776 

81 

Mr.  George  H.  Finneran  submitted  the  following  report  for  the 
Auditing  Committee: 


Report  of  Auditing  Committee. 

Bo.ston,  Mass.,  January  11,  1916. 

We  have  examined  the  accounts  of  the  Secretary  and  Treasurer  of  the  New 

England  Water  Works  Association,  and  find  the  books  correctly  kept  and  the 

various  expenditures  of  the  past  year  supported  by  duly  approved  vouchers. 

Respectfully  submitted, 

A.  R.  HATHAWAY, 

By  G.  H.  F.  and  a.  L.  S., 
ALBERT  L.  SAWYER, 
GEORGE  H.  FINNERAN, 

Auditing  Committee. 


On  motion  of  Mr.  George  A.  Stacy,  it  was  voted  that  the  fore- 
going reports  of  the  officers  and  committees  be  accepted,  placed 
on  file,  and  printed  in  the  Jolhxal. 

The  President  then  dclivored  the  t'ollowing  address. 
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Some  Observations  upon  the  Control  of    Public  Utility 
Companies  by  Public-Service  Commissions. 

Presidential  Address  delivered  before  the  New  England  Water  Works  Association, 
January  12,  1916,  by  Leonard  Metcalf. 

During  the  past  two  years,  the  speaker  has  chanced  to  be  en- 
gaged upon  problems  relating  to  the  practical  control  of  public 
utilities  by  public-service  commissions  and  regulating  boards, 
more  particularly  of  certain  water  works,  and  to  hear  from  many 
others  of  their  experiences  in  this  field  of  public  activity.  In  view 
of  the  belief  that  the  control  of  public  utilities  by  public-service 
commissions,  or  like  regulating  boards,  is  probably  the  best  solu- 
tion of  the  present-day  issues  between  the  public  and  the  corpora- 
tion, it  may  perhaps  be  of  interest  to  point  out  some  of  the  good 
features  and  discuss  some  of  the  dangers  that  have  developed  or 
been  indicated  by  practice  in  the  past  five  to  ten  years,  and  the 
possible  remedies  for  them. 

GOOD   features   OF    COMMISSION    CONTROL. 

The  good  features  of  commission  control  are  so  apparent  as  to 
require  little  comment.  They  have  been  realized  in  large  measure, 
but  in  varying  degrees  in  different  places,  depending  upon  the 
personnel  and  viewpoint  of  the  commission,  the  facilities  and  funds 
available  to  it,  the  attitude  of  the  corporation,  and  the  past'  as 
well  as  present  conditions  and  limitations  surrounding  the  opera- 
tion of  the  utilities.  Briefly,  they  may  be  summed  up  under  the 
following  heads: 

1.  Wholesome  publicity,  —  giving  to  the  public  the  truth  with 
regard  to  the  operations  of  the  utilities.  This  has  served  to  lay 
bare  the  position  and  plans  of  the  corporations  and  to  prevent 
al3use  of  privilege.  It  has  also  served  to  bring  home  to  the  public 
in  an  authoritative  and  credible  manner  the  difficulties  under  which 
the  corporations  sometimes  operate. 

2.  Enforcing  adequate  service.  In  this  respect  the  commissions 
have  been  of  service  in  the  case  of  over-capitalized  properties,  and 
have  helped  to  prevent  an  intolerant  attitude  toward  the  public 
on  the  part  of  the  corporation  where  such  tendency  existed.  On 
the  other  hand,  they  have  brought  home  to  the  public  that  ex- 
tensions of  service  sometimes  fail  to  yield  fair  return  for  some  years 
after  construction. 
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3.  Establishing  just  rates.  This  is  probal)ly  th(;  most  important 
and  far-reaching  service  which  the  pubUc  utiUty  commissions  are 
performing  to-day.  The  task  is  a  very  dehcate  one,  involving 
not  only  tolerance  and  judicial  spirit,  but  painstaking  study  of  past 
conditions,  breadth  of  experience,  and  knowledge  concerning  con- 
struction and  operating  conditions  and  costs. 

4.  Reducing  the  hazard  and  thus  increasing  the  stability'  of  in- 
vestment by  preventing  an  intolerant  position  on  the  part  of  the 
corporation  or  of  the  public,  —  thus  enabling  the  corporation  to 
borrow  money  for  its  necessary  extensions  at  rates  more  advan- 
tageous alike  to  the  corporation  and  public.  A  striking  example 
of  the  greater  stability  of  public  utility  securities  resulting  from 
commission  control  is  to  be  found  in  the  state  of  Wisconsin,  as  a 
result  of  the  work  of  the  Wisconsin  Railroad  Commission. 

5.  Curbing  undesirable  exploitation  and  preventing  inflation 
of  securities  and  estimated  values,  —  thus  helping  to  protect  the 
innocent  investor  from  loss  growing  out  of  his  inability  to  thor- 
oughly post  himself  concerning  the  real  value  of  the  securities 
offered  by  corporations. 

Many  examples  might  be  cited  to  illustrate  these  and  other  less 
important  good  features  of  commission  control,  but  the  arguments 
are  so  well  known  and  the  object  lessons  have  been  so  common  as 
to  make  it  unnecessarv  to  detail  them  here. 


DANGERS    OF    COMMJSSION    CONTROL. 

Politics.  The  dangers  of  commission  control  are  most  often 
traceable  to  one  source,  —  the  intrusion  of  politics,  —  the  bringing 
of  political  or  corporate  pressure  to  bear  upon  individuals  where 
judicial  considerations  alone  should  govern;  though  the  question 
of  proper  viewpoint  for  the  commission,  as  to  its  relation  to  the 
public  and  to  the  utilities,  and  as  to  desirable  limits  of  control, 
are  important  factors,  —  dependent  as  they  are,  not  alone  upon 
sound  economics  but  the  local  psychological  atmosphere  created 
by  the  past  relations,  good,  bad,  or  indifferent,  between  the  public 
and  the  corporation. 

The  Lack  of  Experience  in  the  consti-uction  and  operation  of 
]nil)lic  utilities  —  of  some  who  have  been  ai)pointed  to  the  com- 
missions, and  more  particularly  of  some  of  the  engineering  staffs 
appointed  by  them  —  has  already  resulted  at  times  in  litigation 
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and  expense  which  would  have  been  avoided  had  these  men  but 
had  greater  experience  in  the  actual  difficulties  and  hazards  of  con- 
struction and  operation.  The  good  motives  of  these  men  are  not 
here  questioned  or  at  issue,  but  merely  the  injustice  which  may 
unwittingly  be  done  by  such,  through  lack  of  experience,  and  the 
ultimate  cost  resulting  to  the  public. 

Lack  of  Available  Resources  and  Uncertain  Tenure  in  Office.  In 
this  respect  the  commissions  have  been  seriously  hampered  through 
lack  of  appropriations  to  command  the  services  of  men  of  mature 
judgment  and  breadth  of  experience  in  the  operation  as  well  as  the 
design  and  construction  of  public  utilities.  Moreover,  the  un- 
certain tenure  of  office  in  such  work  has  sometimes  militated 
against  the  commissions  and  the  public. 

Burdensome  Cost  of  Litigation.  The  lack  of  breadth  of  experi- 
ence of  men  employed  by  the  commissions  in  the  valuation  of 
public  utility  properties  sometimes  causes  burdensome  expense 
of  litigation.  This  results  from  the  fact  that  men  of  experience 
can  arrive  often  at  results,  by  methods  of  approximation  growing 
out  of  the  breadth  of  their  knowledge  and  experience,  which  would 
be  equitable,  authoritative  and  acceptable  and  which  would  tend 
to  limit  the  extent  and  cost  of  preparation  of  evidence  by  the  cor- 
porations and  the  public  for  presentation  before  the  commission, 
and  subsequently  before  the  Federal  Court,  to  narrow  limits, 
whereas,  with  lack  of  experience  on  the  part  of  the  commission 
or  of  its  staff,  the  corporations  and  the  representatives  of  the  public 
feel  it  necessary  to  present  evidence  in  far  greater  detail,  coupled 
with  comparative  analyses  of  experiences  had  elsewhere,  in  the 
hope  of  making  clear  to  the  inexperienced  reviewer  the  force  of 
their  claims.  It  is  clear  that,  if  appealed  cases  become  numerous, 
the  cost  of  the  utilities'  service  to  the  public  will  necessarily  be 
increased  thereby,  as  experience  in  past  trials  of  valuation  and 
rating  cases  before  the  courts  has  demonstrated  the  burdensome 
character  of  the  expense  involved.  Thus,  in  water-works  valua- 
tion and  rating  cases,  the  joint  expenses  of  trial  to  the  parties  at 
issue  have  often  amounted  to  from  ten  to  fifteen  per  cent,  of  the 
total  value  of  the  property,  sometimes  exceeding  the  higher  amount 
in  cases  involving  small  plants,  and  being  somewhat  less  than  the 
lower  in  those  involving  the  larger.     Clearly,  such  expenses,  though 
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often  unavoidable,  involve  economic  waste,  as  these  funds  could 
much  better  be  applied  to  improving  the  property  and  character 
of  the  service  than  to  paying  the  expenses  of  litigation,  unless  the 
latter  serve  to  bring  about  a  new  and  better  era  in  the  feelings 
toward  one  another  of  the  parties  at  issue.  Not  only  have  courts, 
commissions,  and  arbitration  boards  recognized  the  burdensome 
character  of  this  expense,  but  even  the  lawyers  and  experts  called 
upon  to  assist  in  the  conduct  of  these  suits,  and  conscientious  effort 
has  generally  .been  made  by  the  latter  to  eliminate  by  agreement, 
in  advance  of  the  trial,  as  many  of  the  issues  at  bar  as  possible, 
with  a  view  to  decreasing  unnecessary  expense.  Often  it  happens 
in  court  trials  that,  while  both  parties  may  in  good  faith  desire  to 
bring  about  such  agreement,  the  political  situation  may  make  it 
practically  impossible  to  undertake  it  without  running  the  dangei* 
of  possibly  having  the  subsequent  decision  called  into  question 
by  reason  of  such  joint  effort.  In  these  cases,  the  public  utilities 
commissions  are  in  a  position  to  be  of  marked  service  to  the  parties 
at  issue. 

Innovations  in  Methods  of  Trial  to  Save  Time  and  Expense.  Some 
interesting  and  significant  departures  have  been  made  from  the 
ordinary  legal  methods  of  trial  with  a  view  to  decreasing  the  ex- 
penses involved  in  such  litigation.  Thus,  in  the  valuation  of  the 
water-works  property  of  the  Macon  Gas,  Light  and  Water  Com- 
pan}',  the  board  of  seven  arbitrators,  consisting  of  five  engineers 
and  two  bankers,  outlined  and  adopted  the  following  course  of 
procedure  in  the  interest  of  economy  of  time  and  expense.  First, 
counsel  opened  with  an  historic  sketch  of  the  situation;  second,  the 
witnesses  of  the  corporation  and  then  of  the  city  stated  their  quali- 
fications, the  nature  and  extent  of  their  investigations,  and  their 
findings,  briefly  and  without  the  intervention  of  counsel,  either  in 
direct  or  cross  examination;  third,  counsel  on  both  sides  then  dis- 
(•uss(h1  intangible  or  scmi-intangil)le  values,  and,  finally,  any  wit- 
nesses desired  were  recalled  by  the  board  at  the  request  of  counsel 
on  either  side,  for  cross-examination. 

The  program  outlined  proved  acceptable  to  the  parties  at  issue, 
and  as  a  result  of  its  adoption,  the  trial  was  concluded  in  a  two 
weeks'  period  at  a  cost  of  about  three  per  cent,  of  the  amount  of 
the  award,  instead  of  fifteen  pvv  cent,  (more  or  less)  which  miglit 


164  PROCEEDINGS. 

have  resulted  had  the  ordinary  legal  methods  of  procedure  been 
followed. 

Similarly,  the  procedure  before  some  of  the  public  utilities  com- 
missions is  conducted  on  informal  lines,  instead  of  by  categorical 
question  and  answer  with  explanation,  and  the  witness  is  inter- 
rupted by  the  members  of  the  commission  at  will  in  order  to  make 
clear,  as  they  arise,  any  doubtful  points  and  to  bring  home  to  the 
witness  any  considerations  overlooked,  which  might  influence  his 
judgment. 

More  recently  (1915)  the  Master  in  Chancery  of  the  Federal 
Court  of  the  District  of  California,  Hon.  H.  M.  Wright,  in  the 
trial  of  the  Spring  Valley  Water  Company  rating  cases  at  San 
Francisco,  modified  the  ordinary  order  and  methods  of  court  pro- 
cedure; first,  by  hearing  all  of  the  evidence  upon  real  estate  values 
before  admitting  evidence  upon  structural  values;  second,  in  hear- 
ing the  evidence  upon  structural  plant,  by  having  all  of  the  experts 
give  their  evidence,  simply  and  in  the  form  of  a  connected  story 
unaided  by  counsel,  upon  a  single  group  of  property, —  such,  for 
instance,  as  earth  dams,  or  pumps,  or  conduits, —  and  by  permit- 
ting counsel  to  cross-examine  the  witnesses  after  the  giving  of  this 
testimony  and  before  taking  up  the  next  class  of  items.  Inci- 
dentally, the  experts  upon  the  one  side  were  at  liberty  to  question 
the  experts  of  the  other  and  to  assist  the  court  by  statements  of 
their  own  experience,  — in  the  nature  of  rebuttal,  in  reply  to  and 
as  tending  to  meet  the  statements  of  the  other  experts.  The  plan 
has  worked  admirably,  and  the  Master  has  already  given  expres- 
sion to  the  opinion  that  the  time  consumed  has  probably  not  been 
over  one  third  to  one  half  as  great  as  it  would  have  been  if  the 
ordinary  methods  of  court  procedure  had  been  followed.  Further- 
more, it  is  believed  that  the  Master  was  thus  put  into  the  position 
to  form  judgment  fairly  conclusively  upon  the  various  phases  of 
the  case  under  trial,  as  the  evidence  was  adduced  and  while  the 
subject  was  still  freshly  in  mind,  instead  of  being  obliged  to  carry 
an  enormous  mass  of  detail  and  review  the  previous  testimony,  as 
becomes  necessary  in  ordinary  methods  of  court  procedure  in 
important  cases  long  under  trial. 

In  a  recent  hearing  before  Judge  Sessions  at  Grand  Rapids,  upon 
the  suit  of  Ann  Arbor  v.  State  of  Michigan,  the  court  limited  the 
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introduction  of  evidence  and  expenditure  of  time  in  the  trial,  by 
limiting  the  cross-examination  practically  to  questions  touching 
upon  the  qualifications  of  the  witnesses,  their  honesty  of  purpose, 
the  soundness  of  the  theories  advanced  by  them,  and  the  major 
items  (only)  entering  into  the  estimates  of  the  engineers,  —  refus- 
ing to  consider  petty  items  as  likely  to  have  little  effect  upon  the 
decision.  The  trial  was  concluded  in  six  days,  which  is  certainly 
a  remarkably  brief  hearing  for  a  case  involving  property  values  of 
ten  million  dollars,  more  or  less.  It  is  of  significance,  however, 
as  indicating  the  viewpoint  of  the  court  upon  methods  of  trial  and 
the  desirability  of  considering  these  problems  upon  broad  lines, 
rather  than  in  petty  detail,  which  again  brings  into  prominence 
the  necessity  for  the  review  of  such  questions  by  men  of  breadth 
of  experience  in  the  construction  and  operation  of  such  properties. 

Another  departure  which  has  been  suggested  is  to  be  found  in 
the  appointment,  b}'  the  court,  of  a  disinterested  engineer  of  ex- 
perience to  aid  it  in  the  formation  of  sound  judgment,  in  effect 
calling  the  engineer  to  sit  upon  the  bench  with  the  judge  to  pass 
upon  technical  matters  and  to  aid  in  limiting  the  lines  of  investiga- 
tion to  matters  of  fundamental  importance  and  weight. 

The  observations  here  made  upon  court  trials  apply  in  certain 
respects  to  trial  by  cominission,  and  serve  to  accentuate  the  de- 
sirability of  having  competent  engineers  as  well  as  lawyers  and 
business  men  appointed  to  our  public  utilities  commissions.  The 
engineering,  as  well  as  the  legal,  point  of  view  is  of  great  importance 
in  assisting  to  an  expeditious  and  equitable  solution  of  public 
utilities  ])ro])lems. 

Dictation  of  Operating  Policy  v.  Simple  Control.  The  relative 
desirability  of  virtual  dictation  of  operation  policy,  rather  than 
simple  control  by  the  commission,  and  the  determination  of  de- 
sirable limits  of  control,  raise  difficult  and  delicate  questions  which 
can  only  be  settled  in  judicial  spirit  after  careful  study,  open- 
minded  discussion  on  both  sides  and,  in  some  cases  perhaps,  actual 
trial.  Obviously,  control  implies  a  certain  amount  of  dictation. 
The  question  therefore  resolves  itself  into  one  as  to  the  extent  of 
control  which  may  prove  most  advantageous  in  the  long  run  to 
the  public  interest.  Equitably,  the  larger  the  measure  of  control, 
exercised,  the  greater  should  be  the  financial  responsibility  of  the 
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dictator.  If  our  commissions  are  to  dictate  policies  they  will  re- 
quire greater  opportunity,  better  facilities,  and  far  greater  financial 
support  to  form  and  exercise  sound,  far-sighted  judgment.  If 
they  then  dictate  the  policies  to  be  pursued  in  management  of  the 
public  utilities,  the  corporations  should  be  relieved  of  the  hazard 
incident  to  the  enforcement  of  these  policies.  If,  on  the  other 
hand,  the  corporations  are  still  to  be  made  to  bear  all  responsibility 
and  hazard,  they  should  be  given  reasonable  latitude  in  determin- 
ing policies  and  the  demands  of  future  service,  and  should  be  ac- 
corded rates  of  return  commensurate  with  the  hazards  involved 
in  their  business. 

The  Failure  to  Place  Adequate  Value  upon  Public  Utility  Proper- 
ties, or  to  inake  proper  allowance  for  appreciation  in  value;  the 
elimination  of  portions  of  the  property  from  the  rating  base,  as 
not  actively  and  immediately  necessary  to  the  service  of  the  pub- 
lic ;  and  the  reduction  of  the  rates  to  a  point  which  will  not  produce 
a  return  fairly  commensurate  with  the  hazard  of  the  business  and 
in  keeping  with  rates  of  return  prevailing  thereabout  in  other 
classes  of  enterprise,  —  all  carry  with  them  real  dangers  to  the 
public,  the  character  and  ultimate  result  of  which  the  public  little 
realizes.  Thus,  if  the  difference  in  value  between  the  mere  assem- 
blage of  the  structures  and  real  estate,  "  the  bare  bones  of  the 
property,"  and  the  living,  going  concern,  with  established  profit- 
able business,  —  which  it  has  involvedtime,  effort  and  real  cost 
to  develop,  —  is  not  fully  recognized;  if  spare  machinery,  reserve 
structures  and  reserve  properties  held  for  the  service  of  the  public 
or  bought  for  use  in  the  reasonably  near  future,  are  excluded  from 
the  rating  base;  or  if  the  rate  of  return  fails  to  provide  reasonable 
depreciation  allowance  as  well  as  fair  return  commensurate  with 
actual  hazard,  —  the  final  result  is  much  the  same.  The  commis- 
sion may  temporarily  determine  operation  and  values  even  to  con- 
fiscation of  a  portion  of  the  property  value  and  cutting  off  of  the 
market  for  the  corporations'  securities,  but  in  the  long  run  economic 
principles  will  control  and  the  inevitable  cycle  will  follow: 

1st.  Declining  service  resulting  from  failure  to  keep  the  property 
up,  —  just  as  the  rentor  of  a  farm  may  take,  not  only  his  profit 
out  of  the  land  but  its  actual  ability  to  produce. 

2d.  Inadequate  service,  growing  out  of  service  standards  neces- 
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sarily  lowered  for  want  of  proper  return,  — just  as  the  exhaustion 
of  the  soil  of  the  farm  results  in  lessened  future  crops. 

3d.  Inability  to  borrow  new  capital  upon  as  advantageous 
terms,  and  more  aggravated  operating  and  service  conditions  than 
theretofore,  —  similar  to  the  conditions  prevailing  when  the  soil 
of  the  farm  is  worked  out. 

4th.  The  disadvantages  may  go  even  to  the  actual  inability  to 
make  good  the  errors  of  earlier  operating  policy,  without  largely 
increased  cost.  Thus  in  the  semi-arid  or  arid  regions,  unless  water 
rights  are  bought  considerably  in  advance  of  the  demands  of  the 
community,  by  the  time  they  are  actually  needed  they  may  acquire 
virtual  monopoly  prices  growing  out  of  their  utilization  for  other 
purposes,  and  a  totally  different  scheme  of  construction  and  opera- 
tion may  have  to  be  followed  at  substantially  greater  expense  than 
that  which  might  have  been  followed  had  the  necessary  rights  but 
been  acquired  at  an  earlier  date.  It  is  obvious,  however,  that,  if 
earnings  are  to  be  denied  for  considerable  periods  of  time  upon 
such  property,  public  utilities  will  not  care  to  hazard  their  invest- 
ments by  having  to  carry  them,  without  return,  for  long  periods 
of  time. 


The  public,  or  the  commission,  would  find  itself,  therefore,  under 
such  conditions,  face  to  face  with  the  necessity  of  increasing  the 
rating  base  or  the  permitted  rate  of  return;  with  costly  litigation; 
or  with  the  necessity  for  embarking  upon  municipal  or  government 
ownership.  A  wiser  course  for  the  newly  established  public- 
service  commission  to  pursue  would  seem  to  be  that  followed  by 
the  New  Jersey  Public  Service  Commission  in  the  well-known 
Passaic  Gas  case,  in  which  it  endeavored  to  fully  recognize  values 
as  of  the  date  of  its  first  value  determination,  and  then  defined  the 
future  method  of  accounting  value  and  of  determining  or  limiting 
the  fair  rate  of  return;  thus  giving  to  the  owmers  of  the  property 
the  opportunity  to  transfer  their  interest  into  other  investments, 
if  they  were  not  content  with  the  commission's  future  program. 

Public  Ownership  Not  the  Goal.  If  public  ownership  is  the  real 
goal  sought,  a  directer  method  of  approach  would  effect  a  saving 
in  the  ultimate  cost  of  acquisition  of  the  desired  properties.  But 
various  recent  occurrences  indicate  that  the  general  public  is  l)v 
no  means  prepared,  as  yet,  to  embark  upon  nmnicipal  or  govern- 
ment ownership  and  operation  of  public  utilities,  generally  or  upon 
a  large  scale. 
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Rates.  It  is  well  recognized  by  intelligent  managers  that  the 
public  will  more  cheerfully  pay  liberal  rates  for  adequate  service 
than  lower  or  even  inadequate  rates  for  bad  service.  Under  nor- 
mal operating  conditions  the  rule  is,  "  Look  to  your  service  first. 
Fair  rates  will  follow,"  —  though  it  is  equally  true  that  good  serv- 
ice cannot  long  follow  inadequate  return. 

THE    REMEDIES. 

Promising  remedies  for  the  dangers  and  abuses  cited  may  be 
summed  up  as  — 

1.  Non-political  appointments  and  freedom  from  political  or 
corporate  pressure  or  control  for  the  public-service  commissions 
ancl  their  staffs. 

2.  Long  tenure  in  ofhce. 

3.  Higher  salaries,  —  adequate  to  attract  and  hold  men  ex- 
perienced in  corporate  affairs  and  in  the  construction  and  opera- 
tion of  public  utilities. 

4.  As  brief  and  direct  methods  as  possible  of  establishing  value 
and  fair  rate  of  return. 

3.  Reasonable  regulation  or  control  of  the  utilities  by  the  com- 
inissions  rather  than  dictation  of  operating  policies. 

6.  Broad  ancl  fairly  liberal  treatment  of  the  question  of  value 
and  fair  rate  of  return,  particularly  in  the  transition  stage  fi'om  no 
regulation  to  full  control. 

7.  Support  by  the  public  of  disinterested  and  sound  findings  in 
public-utility  disputes  made  by  competent  tribunals,  commissions, 
or  men,  —  whether  these  findings  bear  heavily  upon  the  corpora- 
tion or  fail  to  meet  public  expectation. 

The  positions  upon  the  commissions  and  their  staffs  are  no  sine- 
cures. They  demand  sturdy,  fearless  character,  judicial  spirit, 
and  breadth  of  training  and  experience. 

Let  us  not  underestimate  the  difficulty  of  the  task  or  belittle 
the  work  of  the  conscientious  men  now  struggling  with  this  im- 
portant problem.  There  are  many  of  them,  and  they  deserve  the 
thoughtful  regard  and  frank  support  of  this  and  other  like  organi- 
zations. 

On  the  other  hand,  the  dangers  of  the  situation  and  the  penalty 
involved  in  unfair  standards,  either  upon  the  part  of  the  public 
utility,  the  public  which  it  serves,  or  the  public-service  commission 
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—  which  should  stand  in  a  strictly  judicial  position  between  the 
two  —  is  not  to  be  ignored. 

The  writer  is  conscious  that  in  the  foregoing  illustrations  he  has 
perhaps  over-emphasized  the  dangers  to  the  corporation,  as  com- 
pared to  the  benefits  to  the  public,  to  be  attained  by  competent 
regulation  of  utilities  b}^  public-service  commissions.  This  some- 
what unbalanced'presentation  has  followed  in  part  as  a  result  of 
some  recent  experiences,  and  in  part  because  the  direct  advantage 
to  the  public  of  the  commission's  powers  to  curb  the  corporations 
is  more  evident.  This  latter  function  is  so  prominent  that  many 
people  have  a  tendency  to  lose  sight  of  the  judicial  or  impartial 
stand  which  commissions  should  take,  and  to  think  of  them  mainly, 
if  not  solely,  as  agencies  for  reducing  rates. 

The  true  function  of  a  public-service  commission  is  to  act  as  a 
referee,  charged  with  seeing,  on  the  one  hand,  that  the  public  has 
to  pay  no  more  than  a  fair  price  for  the  service  rendered,  and  that 
it  receive  service  of  the  character  for  which  it  pays;  and  with  see- 
ing, on  the  other  hand,  that  the  utility  receive  fair  treatment  and 
compensation.  The  public,  and  the  corporation  as  well,  can  derive 
benefit  only  from  the  regulation  of  utilities  by  an  able  and  impartial 
commission. 

This  is  equall}^  a  fact  whether  the  utilities  be  owned  by  corpora- 
tions or  by  the  public  themselves;  and  the  w^riter  would  not  be 
surprised  to  see  the  jurisdiction  of  the  commissions  more  generally 
extended  in  the  near  future  to  cover  matters  relating  to  the  ac- 
counting, financing,  and  making  of  rates  of  municipally  owned 
utilities. 


Mr.  William  A.  Bradford,  pi-esident  of  the  South  Shore  Master 
Plumbers  Association,  Quincy,  Mass.,  then  presented  a  paper 
entitled,  "  Causes  of  Explosions  of  Domestic  Boilers."  The  paper 
was  illustrated  by  stereopticon  views.  On  motion  of  Mr.  Cogges- 
hall,  the  thanks  of  the  Association  were  extended  to  Mr.  Bradford 
and  he  was  invited  to  attend  the  Februaly  meeting,  to  which  time 
the  discussion  of  the  paper  was  postponed. 

Mr.  Charles  W.  Sherman  read  a  paper  by  C.  W.  Sheraian, 
William    S.  Johnson,  and   Henry  A.   Symonds,    on   "  Municipal 
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Water  Works  Financing  in  Massachusetts  as  Affected  by  Recent 
Legislation." 

The  subject  was  discussed  by  Mr.  Charles  F.  Gettemy,  director 
of  the  State  Bureau  of  Statistics,  and  Mr.  T.  M.  Waddell,  chief  of 
the  Municipal  Division  of  the  Bureau. 

On  motion  of  Mr.  Coggeshall,  a  vote  of  thanks  was  extended  to 
these  gentlemen  for  attending  the  meeting  and  expressing  their 
views  upon  the  subject  under  discussion. 

Election  of  Officers. 

Mr.  Arthur  E.  Blackmer  submitted  the  following  report  of  the 
Tellers  appointed  to  canvass  ballots  for  officers  for  the  ensuing 
year: 

Whole  number  of  ballots 364 

Blank 3 

P7-esiden(. 

William  F.  Sullivan 346 

Scattering 2 

Vice-Presidents. 

Caleb  M.  Saville 349 

Carleton  E.  Davis 3.54 

Samuel  E.  Killam 351 

R.  S.  Lea 349 

D.  A.  Heffernan 349 

W.  W.  Brush 354 

Scattering 2 

Secretary. 
WiLLARD  Kent 356 

Treasurer. 
Lewis  M  .  Bancroft 356 

Editor. 

Richard  K.  Hale 355 

Scattering 1 
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Advertising  Agent. 
George  A.  King 359 

Additional  Members  Executive  Committee. 

R.    C.    P.    COGGESHALL 35o 

Robert  J.  Thomas 355 

Frank  J.  Gifford 351 

Scattering 1 

Finance  Committee. 

George  H.  Finneran 350 

D.  N.  Tower 352 

John  Mayo 352 

Scattering 2 

Respectfully  submitted, 

ARTHUR  E.  BLACKMER, 
FRANK  J.  GIFFORD, 

Tellers. 


After  announcing  the  names  of  the  newly  elected  officers,  the 
retiring  President,  Mr.  Metcalf,  said: 

In  yielding  the  gavel  to  my  successor  I  want  to  express  to  all  of 
you  the  pleasure  which  it  has  given  me  to  serve  you  this  year, 
in  so  far  as  it  has  been  possible  for  me  to  do  so,  being,  as  I  was, 
across  the  Continent  the  greater  part  of  the  time  when  I  should 
have  been  in  this  part  of  the  country.  On  the  other  hand,  I  can 
do  no  more  for  Mr.  Sullivan  than  to  bespeak  for  him  the  same  sort 
of  cordial  support  and  assistance  which  I  have  had  during  my 
term  of  office.  Mr.  Sullivan,  as  you  know,  was  from  1887  to  1906 
in  the  Water  Department  at  Lowell ;  then  he  went  to  Nashua  to 
take  up  the  work  there  of  guiding  the  destinies  of  the  Pennichuck 
Water  Works.  He  was  elected  a  member  of  this  Association  on 
St.  Valentine's  Day  in  1900.  He  has  contributed,  as  you  well 
know,  important  papers  and  has  taken  a  very  active  interest  in 
the  affairs  of  the  Association,  serving  on  many  important  com- 
mittees. He  came  to  you,  gentlemen,  as  a  Valentine  gift;  he 
comes  to  the  presidency  in  leap  year.  The  signs  augur  well  for 
a  successful  administration.  In  presenting  him  to  you  I  only 
want  to  call  his  attention  to  what  he  faces  on  the    membership 
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proposition;  but  for  his  comfort  let  it  be  said  that  if  your  retir- 
ing president,  though  absent  so  much,  has  been  able  to  witness 
the  increase  in  membership  which  has  taken  place,  there  is  no 
telling  what  our  new  president  can  do  as  a  "  Johnny-on-the-spot." 
Gentlemen,  I  present  to  you  Mr.  Sullivan.     [Applause.] 

President  Sullivan.  Mr.  President  and  Members  of  the  New 
England  Water  Wor'ks  Association,  —  It  is  an  honor,  a  great  honor, 
to  be  elected  President  of  this  Association,  and  I  fully  appreciate 
it.  I  also  realize  the  responsibilities.  I  share  the  honors  and  the 
responsibilities  with  the  other  officers  who  have  been  elected,  and- 
I  feel  safe  in  saying  that  the  officers  and  the  Executive  Committee 
will  work  with  one  end  in  view,  and  that  is  for  the  continued  suc- 
cess of  this  Association.  To  do  this  we  need  j'^our  support  and 
your  cooperation.  We  want  yoii  to  maintain  the  popularity  of 
these  meetings;  we  want  you  to  popularize  all  gatherings  of  the 
New  England  Water  Works  Association.  To-day  the  outgoing 
administration  turns  over  to  the  incoming  administration  an  or- 
ganization of  almost  one  thousand "  members.  Think  of  it,  one 
thousand  members!  Could  that  little  band  of  pioneers,  away 
back  in  the  early  eighties  —  and  I  might  say  that  it  is  a  pleasure 
for  us  all  to  see  some  of  those  early  members  here  to-day  —  could 
they  have  thought  how  well  they  builded?  Could  they  have 
dreamed  of  such  an  organization  as  this?  It  is  the  earnest  desire 
of  the  officers  and  myself  that  you  continue  the  popularity  of  these 
meetings.  We  have  these  monthly  gatherings,  and  it  is  a  time 
when  we  may  get  together  to  meet  and  greet  one  another,  rub 
elbows  with  one  another,  —  as  it  were,  —  exchange  ideas,  discuss 
problems  and  listen  to  high-grade  papers;  and  not  the  least  of  a 
member's  privilege  is  that  he  may  discuss  the  papers.  For  it  is  by 
means  of  a  free  discussion  that  our  members  will  be  able  to  get 
information  not  easily  obtained  in  any  other  way. 

With  this  splendid  membership  as  a  legacy,  how  are  we  to  fill 
up  the  gaps  occasioned  by  the  natural  losses  in  membership? 
How  are  we  to  obtain  new  members?  We  know  there  are  many 
men  in  the  water-works  business  and  in  the  engineering  profession 
who  are  not  availing  themselves  of  the  benefits  of  this  Association. 
How  many  members  are  there  of  your  water  boards,  directors, 
commissioners,  of  your  office,  engineering  and  station  forces,  who 
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ought  to  be  members,  not  only  to  swell  the  membership  of  this 
Association,  but  for  their  own  benefit?  They  would  profit  by 
coming  to  these  meetings  and  listening  to  the  papers,  and  it  goes 
without  saying  they  would  be  the  gainers  by  reading  the  Journal. 

The  President  says  I  was  elected  a  member  of  this  Association 
on  St.  Valentine's  Day.  I  will  take  his  word  for  that.  There  are 
different  kinds  of  valentines.  Years  ago,  about  the  time  I  was 
elected,  the  comic  valentine  was  very  much  in  evidence. 

As  for  this  being  leap  year,  I  am  a  hopeless  case.  I  have  been 
roped  and  tied  for  some  time.  The  hour  is  getting  late,  and  I  am 
not  going  to  make  any  extended  remarks,  but  I  would  like  to 
say  this  in  reply  to  the  retiring  President's  remark  of  my  being 
"  Johnny-on-the-Spot  " :  I  do  not  know  whether  there  is  any- 
thing in  our  constitution  which  provides  for  a  recall,  but  let  me 
tell  you  it  will  be  just  as  severe  a  shock  to  me  if  I  get  a  "  call  down  " 
as  to  get  a  recall.  So  I  am  going  to  make  the  effort  to  have  our 
membership  reach  the  one  thousand  mark,  and  I  ask  you  all  to 
assist  me.  Let  our  slogan  be,  "  One  thousand  members  or  more." 
Let  us  keep  up  the  good  work,  begun  so  many  years  ago.  Let  us 
keep  this  organization  where  it  always  has  been  and  where  the 
retiring  President  leaves  it  to-day,  in  the  very  forefront  of  such 
associations. 

Again  thanking  you  for  the  honor  which  you  have  conferred 
upon  me,  I  wish  you  all  a  Happy  New  Year  and  I  bespeak  for  the 
officers  and  for  myself  that  you  make  this  a  popular  and  prosperous 
year  for  the  New  England  Water  Works  Association. 


Hotel  Brunswick, 
Boston,  February  9,  1916. 

The  February  meeting  of  the  Association  was  held  at  the  Hotel 
Brunswick,  Copley  Square,  Boston,  Wednesday,  February  9, 
1916,  President  Sullivan  presiding. 

The  following  members  and  guests  were  present: 

Honorary  Mkmbkrs. 
E.  C.  Brooks,  A.  S.  Glovor,  F.  E.  Hall,  F.  P.  Stearns.  —  4. 
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Members. 


C.  L.  Baker,  L.  M.  Bancroft,  A.  E.  Blackmer,  J.  W.  Blackmer,  C.  W.  Bow- 
ker,  J.  C.  Chase,  H.  W.  Clark,  R.  L.  Cochran,  F.  L.  Cole,  J.  E.  Conley,  John 
Cullen,  A.  O  Doane,  John  Doyle,  E.  D.  Eldredge,  G.  H.  Finneran,  F.  F. 
Forbes,  F.  L.  Fuller,  Patrick  Gear,  F.  J.  Gifford,  H.  J.  Goodale,  R.  K.  Hale, 
A.  R.  Hathaway,  T.  G.  Hazard,  Jr.,  D.  A.  Heffernan,  A.  C.  Howes,  E.  F. 
Hughes,  J.  L.  Hyde,  C.  E.  Johnson,  W.  S.  Johnson,  Willard  Kent,  G.  A.  King, 
Horace  Kingman,  J.  L.  Kirkpatri-ck,  E.  J.  Looney,  Hugh  McLean,  H.  V. 
Macksey,  A.  E.  Martin,  W.  E.  Maybury,  John  Mayo,  H.  A.  Miller,  J.  W. 
Murphy,  William  Naylor,  H.  G.  Pillsbury,  L.  C.  Robinson,  H.  W.  Sanderson, 
C.  M.  Saville,  A.  R.  Sawyer,  M.  R.  Scharff,  J.  E.  Sheldon,  C.  W.  Sherman, 
E.  C.  Sherman,  H.  L.  Sherman,  H.  M.  Sinclair,  J.  W.  Smith,  Sidney  Smith, 
W.  F.  Sullivan,  C.  N.  Taylor,  A.  H.  Tillson,  D.  N.  Tower,  C.  H.  Tuttle, 
W.  H.  Vaughn,  R.  S.  Weston,  J.  C.  Whitney,  F.  I.  Winslow,  I.  S.  Wood,  L.  C. 
Wright.  —  66. 

Associates. 

Harold  L.  Bond  Co.,  G.  S.  Hedge;  Builders  Iron  Foundry,  A.  B.  Coulters; 
Central  Foundry  Co.,  W.  H.  Feltt;  Chapman  Valve  Mfg.  Co.,  J.  T.  Mulgrew; 
Eddy  Valve  Co.,  H.  W.  Dotten;  Hayes  Machinery  Co.,  F.  H.  Hayes;  Hersey 
Mfg.  Co.,  J.  H.  Smith,  A.  S.  Glover,  and  W.  A.  Hersey;  Lead  Lined  Iron  Pipe 
Co.,  T.  E.  Dwyer;  Ludlow  Valve  Mfg.  Co.,  A.  R.  Taylor;  H.  Mueller  Mfg. 
Co.,  G.  A.  Caldwell;  National  Meter  Co.,  H.  L.  Weston  and  J.  G.  Lufkin; 
Neptune  Meter  Co.,  H.  H.  Kinsey;  Pittsburgh  Meter  Co.,  J.  N.  Turner; 
Rensselaer  Valve  Co.,  C.  L.  Brown;  A.  P.  Smith  Mfg.  Co.,  F.  L.  Northrup; 
Standard  Cast  Iron  Pipe  and  Foundry  Co.,  W.  F.  Woodburn;  Thomson  Meter 
Co.,  E.  M.  Shedd;  Union  Water  Meter  Co.,  F.  E.  Hall;  Water  Works  Equip- 
ment Co.,  W.  H.  Van  Winkle;  R.  D.  Wood  &  Co.,  H.  M.  Simons;  Henry  R. 
Worthington,  E.  P.  Howard  and  Samuel  Harrison;  Warren  Foundry  &  Machine 
Co.,  J.  H.  Morrison.  — 27. 

Guests. 

J.  H.  Fields,  Jr.,  Nashua,  N.  H.;  D.  H.  Henderson,  Cambridge,  Mass.; 
H.  G.  Porter,  H.  W.  Coombs,  O.  Z.  E.  Charest,  H.  W.  Storrs,  Boston,  Mass.— 6. 

The  Secretary  presented  the  following  applications  for  mem- 
bership, properly  endorsed  and  recommended  by  the  Executive 
Committee : 

Resident:  Arthur  W.  Beckford,  Danvers,  Mass.,  water  com- 
missioner; Charles  W.  Bowker,  South  Paris,  Me.,  superintendent 
and  chief  engineer;  J.  Frank  Ellis,  Rochester,  N.  H.,  water  and 
sewer  construction;  George  H.  Leland,  Providence,  R.  I.,  water- 
works design  and  construction;  Fred  H.  White,  South  Easton, 
Mass.,  water  commissioner  and  superintendent. 
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Non-resident:  Walo  von  Greyerz,  Stockholm,  Sweden,  chief 
engineer;  A.  P.  Learned,  Kansas  City,  Mo.,  civil  engineer;  Mau- 
rice R.  Scharff,  Pittsl)urgh,  Pa.,  general  sanitary  and  hydraulic 
engineering  practice. 

Associate:  Warren  Foundry  and  Machine  Company,  llBroad- 
wa}^  N.  Y.,  cast-iron  pipe  and  fittings. 


On  motion  duly  made,  the  Secretar}^  was  directed  to  cast  the 
ballot  of  the  Association  in  favor  of  the  applicants,  and  he  having 
done  so  they  w'ere  declared  duly  elected  members  of  the  Associa- 
tion. 

The  Secretary  read  the  following  recommendation  from  the 
Executive  Committee: 

"  February  7,  1916. 
"  A  grading  .scale  for  cities  and  towns  has  very  recently  been  proposed  b}' 
the  committee  on  fire  protection  of  the  National  Board  of  Fire  Underwriters. 
With  a  view  to  safeguarding  the  interests  of  city  water-works  departments 
and  private  water-works  owners,  it  seems  very  desirable  that  some  action 
should  be  taken  by  this  Association  to  approach  this  matter  from  the  stand- 
point of  the  utihty.  In  order  to  bring  this  matter  before  the  Association  the 
Executive  Committee  of  this  Association  recommend  that  a  committee  of  five 
be  appointed  by  the  chair  to  confer  with  the  engineers  of  the  National  Board 
of  F^ire  Underwriters  before  the  standard  grading  schedule  is  finally  adopted." 

Mr.  Charles  W.  Sherman.  Mr.  President,  I  have  been 
fortunate  enough  to  secure  from  the  National  Board  of  Under- 
writers a  copy  of  their  proposed  schedule.  In  order  that  the 
members  may  understand  what  we  are  talking  about,  perhaps  I 
would  better  elaborate  a  little.  For  quite  a  number  of  years 
some  of  us  have  been  trying  from  time  to  time  to  find  out  from 
the  undei-writers  what  changes  in  insurance  rates  would  result 
fi-oni  the  construction  or  improvement  of  water- works  systems, 
and  we  have  never  been  able  to  get  very  much  satisfaction  out  of 
it.  Now  the  National  Board  of  Underwriters  have  started  to 
prepare  a  standard  grading  system,  on  the  basis  of  which  they  will 
fix  a  certain  standard  for  what  they  consider  perfect  protection, 
and  take  off  a  certain  number  of  points  for  deficiency  in  certain 
lines.  That  applies  not  only  to  water  works,  but  to  fire  depart- 
meuts,  police,  and  the  rest ;  but  the  water-works  part  of  it  interests 
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US  very  much.     I  prepared   this    vote   before   hearing   that   the 
Executive  Committee  were  interested.     I  move 


"  That  the  President  be  authorized  to  appoint  a  committee  of  five  members, 
to  be  known  as  the  Committee  on  Grading  Water  Works  for  Fire  Protection, 
who  shall  consider  the  '  Proposed  Standard  Schedule  for  Grading  Cities  and 
Towns  of  the  United  States  with  Reference  to  their  Fire  Defenses  and  Phy- 
sical Conditions,'  and  report  to  a  future  meeting  of  the  Association  whether 
or  not  it  is  desirable  for  the  Association  to  endorse  this  or  any  similar  schedule. 
The  committee  shall  have  authority  to  confer  with  the  National  Board  of 
Fire  Underwriters  or  its  engineers  or  other  representatives,  and  with  any 
similar  committee  from  the  American  Water  Works  Association,  or  any  other 
body  of  water-works  engineers,  and  may,  if  in  its  judgment  it  is  wise  to  do  so, 
render  its  report  as  a  joint  report  with  such  other  similar  committees." 


[The  motion  was  duly  seconded.] 

Mr.  Saville.  I  think  there  are  two  committees  or  associa- 
tions that  are  interested  in  this  classification.  These  are  the 
New  England  Insurance  Exchange,  which,  as  I  understand  it, 
covers  old  line  companies,  and  the  Factory  Mutual  Bureau,  which 
confines  itself  to  a  limited  class  of  risks.  I  don't  know  whether 
the  New  England  Mutual  goes  outside  of  New  England  or  not, 
but  I  understand  that  the  National  Board  of  Underwriters  covers 
the  whole  country.  I  think  that  any  action  that  the  Association 
would  take  should  not  be  antagonistic  to  the  local  insurance 
bureaus,  but  rather  endeavor  to  bring  about  harmony  between 
the  water-works  interest  on  the  one  hand  and  the  insurance  inter- 
est on  the  other. 

Mr.  Sherman.  My  personal  correspondence  has  been  with 
the  National  Board,  or  rather  its  chief  engineer,  Mr.  Booth,  and 
it  is  through  him  that  I  succeeded  in  getting  a  copy  of  the  schedule 
that  is  prepared  by  the  National  Board. 

Mr.  Fuller.  I  would  like  to  know  if  the  rates  are  not  fixed 
l)y  the  local  boards.  I  don't  know  what  the  National  Board  would 
have  to  do  with  fixing  rates  in  New  England. 

Mr.  Saville.  I  am  not  familiar  with  this  except  in  a  local 
way,  but  I  do  know  the  National  Board  of  Underwriters  have 
been  active  all  through  the  country  —  in  the  larger  cities,  anyway 
—  and  have  been  trying  out  and  testing  water- works  systems.     I 
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presume  they  are  intending  to  make  up  this  schedule  on  the  basis 
of  their  investigation. 

Mr.  H.  V.  Macksey.  If  we  arc  to  appoint  a  committee  to 
confer  with  the  National  Association  of  Fire  Underwriters  I  would 
like  to  know  upon  what  terms  we  are  to  go  into  the  conference. 
Do  we  go  on  terms  of  equality?  Do  they  want  us?  Are  thej^ 
going  to  ask  our  advice  and  accept  our  judgment?  My  limited 
experience,  and  that  of  some  of  my  friends,  has  been  that  the 
fire  underwriters  undertake  to  tell  those  who  buy  fire  insurance 
from  them  what  they  shall  do  and  what  they  shall  pay  for  it. 
They  also  undertake  to  pass  judgment  on  various  water  depart- 
ments and  say  what  value  they  put  on  them  without  outside  aid  or 
assistance.  It  is  a  matter  that  affects  their  profits  and  the  cost  to 
the  person  who  is  buying  the  underwriting,  and  if  we  as  represen- 
tatives of  water  works  and  minor  officials  in  cities  go  into  con- 
ference and  try  to  tell  them  what  they  shall  do  and  how  they  shall 
rate  various  cities  and  various  properties,  I  think  they  will  give  us 
short  consideration.  I  do  not  see  any  reason  why  our  name  sh(juld 
be  tacked  on  and  why  we  should  be  a  tail  to  their  kite.  If  they  want 
our  advice  and  will  accept  our  suggestions,  if  our  vote  will  have 
any  weight  or  authority  with  them,  then  we  would  have  license 
to  go  into  conference,  but  suppose  a  committee  consisting  of  water- 
works superintendents  were  to  consent  to  the  rating  of  cities,  and 
their  own  cities  should  be  rated  low  against  their  protest,  well  — 
there  would  be  no  brass  band  out  to  meet  them  when  they  arrived 
home. 

Mr.  Sherman.  This  connnittec  will  be  given  power,  according 
to  this  motion,  if  in  its  investigation  it  is  thought  wise,  to  confer 
with  the  National  Board  or  with  other  committees.  They  are  to 
report  back  to  this  Association,  of  course,  and  they  ai-e  to  report 
to  us  whether  or  not  they  think  it  is  wise  to  endorse  that  or  any 
similar  schedule.     I  think  the  wording  is  safe, 

[The  motion  was  adopted.] 

The  President  subsequently  appointed  the  following  comMiiltee: 
F.  A.  Mclnnes,  C.  M.  Saville,  H.  V.  Macksey,  C.  W.  Sherman, 
and  R.  J.  Thomas. 

Mr.  Saville.  To  bring  another  matter  before  the  Association, 
I  would  like  to  move  that  the  vote  passed  by  the  Executive  Com- 
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inittce  that  the  initiation  fees  be  remitted  to  members  and  asso- 
ciates of  the  American  Water  Works  Association  applying  for 
admission  to  the  New  England  Water  Works  Association  during 
the  year  1916  be  approved  by  this  Association.  That,  I  under- 
stand, is  about  the  same  motion  that  was  made  last  year. 

[The  motion  was  seconded.] 

President  Sullivan.  You  have  heard  the  motion.  Is  there 
anything  to  be  said  on  it?  It  is  extending  the  courtesy  that  has 
been  granted  by  the  American  Water  Works  Association  to  the 
members  of  the  New  England  Water  Works  Association.  We  are 
going  to  continue  to  give  the  members  of  the  American  Water 
Works  Association  who  have  not  availed  themselves  of  it  the 
opportunity  to  join. 

[The  motion  was  adopted.] 

Mr.  Sherman.  Mr.  President,  I  would  like  to  take  just  a 
minute  to  make  what  may  be  called  a  progress  report  for  the  Com- 
mittee on  the  Dexter  Brackett  Memorial.  Contributions  are 
coming  in  in  good  shape.  The  committee  is  now  considering  in 
a  general  way  what  shall  be  done  about  the  design  of  a  medal,  and 
while  they  have  not  yet  selected  a  designer,  they  are  perhaps  ap- 
proaching the  point  of  doing  so.  I  have  here  to-day  a  sample 
medal  that  was  prepared  for  the  National  Academy  of  Science, 
that  is  similar  to  the  one  we  have  in  mind;  also  photographs  of 
two  or  three  other  medals.  I  should  be  glad  to  show  them  after 
the  meeting  to  any  that  are  interested. 

The  Secretary.  The  following  letter  from  Mr.  Edward  C. 
Sherman  was  presented  to  the  Executive  Committee,  and  its 
recommendations  met  with  their  approval  and  it  was  voted  that 
it  be  presented  at  this  meeting  of  the  Association. 

January  31,  1916. 

Dear  Sir,  —  A  few  engineers  who  are  interested  in  the  welfare  of  the  city  of 
Boston  and  who  consider  the  recent  action  of  Mayor  Curley  in  making  whole- 
sale removals  in  the  Public  Works  Department  to  be  a  detriment  to  the  city 
and  a  blow  to  the  engineering  profession,  wish  to  raise  funds  to  be  used  in 
presenting  the  cases  of  F.  A.  Mclnnes,  Storrs  L.  Durkee,  and  Bliss  W.  Robin- 
son before  the  courts  to  which  they  have  been  appealed  following  an  unsatis- 
factory hearing  before  the  Commissioner  of  PubUc  Works. 

The  Good  Government  Association  will  bear  the  greater  part  of  the  ex- 
pense, but  an  additional  amount,  estimated  at  from  $300  to  $600,  will  be  needed. 


PROCEEDINGS.  170 

If  you  dc'siiT  to  contribute  to  the  funds,  j)k'as('  notifj'  nic  of  the  nuixinuuu 
amount  which  you  would  care  to  give.  Then  when  it  is  known  how  much 
will  be  required,  you  will  be  a.ssessed  in  the  proportion  which  your  maximum 
ofTer  bears  to  the  total  amount  subscribed.     Do  not  send  any  money  now. 

A  prompt  reply  will  be  appreciated  so   that  we   may  know  how  much  we 
may  count  upon.     It  will  be  considered  confidential. 

Yours  very  truly, 

Edw.\kd  C.  Sheum.\x. 


President  Sullivan.     The  coniuuiiiication  is  self-explanatory. 

A  paper  by  Robert  B.  Morse,  chief  engineer,  Department  of 
Health,  Baltimore,  Md.,  on  "  Progress  of  Water  Steriliza- 
tion in  Maryland,"  was  read,  in  Mr.  Morse's  absence,  by  Mr. 
Saville.  The  paper  was  discussed  by  Mr.  Harry  W.  Clark,  of 
Boston. 

The  Association  then  listened  with  nmch  enjoyment  to  some 
songs  by  Mr.  James  E.  Donnelly,  of  Lowell,  Mr.  Bradford  having 
responded  to  an  appeal  for  an  accompanist. 

The  Association  then  took  up  the  discussion  of  causes  of  ex- 
plosions of  domestic  boilers,  the  discussion  being  opened  by  Mr. 
D.  A.  Heffernan,  of  Milton. 

Mr.  W.  A.  Bradford  gave  a  demonstration  of  the  operation  of 
safety  valves,  and  also  discus.sed  two  ])ills  introduced  l)v  him  into 
the  General  Court. 

The  following  gentlemen  participated  in  the  discussion:  Mr. 
F.  F.  Forbes,  of  Brookline;  Mr.  Caldwell;  Mr.  Frank  L.  Fuller, 
of  Boston;  Mr.  Edward  D.  Eldredge,  of  Onset,  and  others. 

The  remainder  of  the  meeting  was  occupied  with  a  discussion 
of  the  report  of  the  Committee  on  Meter  Rates. 
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EXECUTIVE    COMMITTEE. 

Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  headquarters,  Tremont  Temple, 
Boston,  Mass.,  January  12,  1916. 

Present:  President  Leonard  Metcalf;  James  Burnie,  Chas.  W. 
Sherman,  Caleb  M.  Saville,  Wm.  F.  Sullivan,  Edwin  C.  Brooks, 
Samuel  E.  Killam,  Lewis  M.  Bancroft,  Willard  Kent. 

Ten  applications  for  membership  in  the  Association  were  re- 
ceived and  the  several  applicants  were  by  unanimous  vote  recom- 
mended therefor,  viz.: 

Members:  William  G.  Newhall,  assistant  superintendent  Port- 
land Water  District,  Portland,  Me.;  Raymond  Walker,  superin- 
tendent Water  Company,  Edgartown,  Mass.;  John  P.  Wentworth, 
assistant  engineer,  Metcalf  &  Eddy,  Maiden,  Mass.;  Joseph  F. 
Ranger,  Water  Commissioner,  Holyoke,  Mass.;  Fred  B.  Nelson, 
civil  and  hydraulic  engineer.  New  York  City,  N.  Y.;  Edward  G. 
Gushee,  2d  assistant  engineer,  Bureau  of  Water,  Philadelphia,  Pa.; 
E.  D.  Bistline,  secretary  Water  Company,  Newport,  Pa.;  Edward 
Mayo  Tolman,  chief  engineer  State  Department  of  Health,  Charles- 
ton, W.  Va.;  James  A.  Steele,  Jr.,  manager  City  Water  Works, 
Vicksburg,  Miss. ;  George  Mitchell,  water  engineer  office,  Aberdeen, 
Scotland. 

The  question  of  advisability  of  action  of  the  Association  in  the 
matter  of  appointing  a  committee  on  legislation  was  discussed, 
and  Mr.  Henry  A.  Symonds,  present  by  invitation,  expressed  his 
views  on  the  subject.  On  motion  of  Mr.  Brooks,  the  matter  was 
referred  to  the  Executive  Committee  for  the  coming  year. 

The  President  presented  the  efficient  report  of  Mr.  Alfred  D. 
Flinn,  delegate  of  this  Association  to  the  Pan-American  Congress, 
which  was  read  and  ordered  placed  on  file. 

President  Metcalf  presented  a  r^sum^  of  the  work  of  the  Asso- 
ciation during  the  past  year,  and  it  was  by  unanimous  vote  adopted 
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as  the  report  of  the  Executive  Committee,  to  be  presented  at  the 
meeting  of  the  Association  this  day. 
Adjourned. 

WiLLARD  Kent,  Secretary. 


Meeting  of  the  Executive  Committee  of  the  New  Enghxnd  Water 
Works  Association  at  headquarters,  Tremont  Temple,  Wednes- 
day, February  9,  1916,  at  10.30  a.m. 

Present:  President  Wilham  F.  Sulhvan,  and  members  Caleb 
M.  Saville,  Samuel  E.  Killam,  D.  A.  Heffernan,  F.  J.  Gilford, 
Richard  K.  Hale,  Lewis  M.  Bancroft,  George  A.  King,  and  Willard 
Kent. 

Voted,  that  the  initiation  fees  be  remitted  to  members  and  asso- 
ciates of  the  American  Water  Works  Association  applying  for 
admission  to  the  New  England  Water  Works  Association  during 
the  year  1916. 

Voted,  that  the  President  appoint  a  committee  on  membership, 
to  consist  of  the  President,  ex  officio,  and  such  other  members  of 
the  Association  as  he  desires. 

Voted,  on  motion  of  Mr.  King,  that  letter  of  Mr.  E.  C.  Sherman, 
relative  to  discharge  of  engineers  by  mayor  of  Boston,  be  read  at 
the  meeting  of  Association  this  day. 

Nine  applications  were  received,  eight  for  active  and  one  for 
Associate  membership  as  follows: 

Charles  W.  Bowker,  superintendent  Village  Corporation  Water 
Works,  South  Paris,  Me.;  J.  Frank  Ellis,  superintendent  Water 
Works,  Rochester,  N.  H.;  Arthur  W.  Beckford,  water  commissioner, 
Danvers,  Mass.;  George  H.  Leland,  Providence,  R.  I.;  Fred  H. 
White,  superintendent  South  Easton  and  Eastondale  Fire  and 
Water  District,  So.  Easton,  Mass.;  Walo  von  Greyerz,  Stockholm, 
Sweden;  A.  P.  Learne.d,  engineer,  Kansas  City,,  Mo.;  Maurice  R. 
Scharff,  engineer,  Pittsburgh,  Pa.  Associate:  Warren  Foundry 
and  Machine  Company,  New  York,  N.  Y.;  and  they  were  by 
unanimous  vote  recoimnended  therefor. 

On  motion  of  Mr.  King,  the  Secretary  was  instructed  to  make 
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inquiry  in  regard  to  Albany,  N.  Y.,  as  a  place  for  holding  the  next 
annual  convention. 

On  motion  of  Mr.  Saville,  the  President  was  authorized  to  ap- 
point a  committee  to  confer  with  a  Committee  of  the  National 
Board  of  Fire  Underwriters  on  proposed  grading  scale  of  insurance 
rates. 

The  certificate  of  renewal  of  Treasurer's  bond  for  five  thousand 
dollars,  by  the  Massachusetts  Bonding  and  Insurance  Company, 
was  presented  and  by  vote  approved. 

Adjourned. 

WiLLARD  Kent,  Secretary. 


New  Enpiand  Water  Works  Association. 


ORGANIZED    1882. 


Vol.  XXX.  June,  1916.  No.  2. 

This  Association,  as  a  body,  is  not  responsible  for  the  statements  or  opinions  of  any  of  its 

members. 


WATER  SUPPLY  SANITATION    IN   THE  NINETEENTH 
CENTURY  AND  IN  THE  TWENTIETH. 

BY    WILLIAM    T.    SEDGWICK,    PH.D.,    SC.D.,    PROFESSOR    OF    BIOLOGY 
AND     PUBLIC     HEALTH,     MASSACHUSETTS     INSTITUTE     OF 
TECHNOLOGY,    BOSTON. 

[Read  November  10,  WIS.] 

Fellow-Members  of  the  New  England  Water  Works  Association,  — 
It  is  always  a  pleasure  to  come  back  to  this  room  and  to  meet  this 
company.  It  is  also  a  great  personal  pleasure  to  reflect  that  I 
was  at  one  time  for  one  year  your  president,  thanks  to  your  kind- 
ness, and  that  I  am  one  of  your  honorary  members. 

Fifteen  years  ago,  or  very  nearly  so,  I  read  before  the  Associa- 
tion a  paper  on  the  ''  Rise  and  Progress  of  Water  Supply  Sanita- 
tion in  the  Nineteenth  Century."*  The  reason  for  that  was  that 
we  were  then  just  ending  the  nineteenth  century  and  people  all 
over  the  world  were  bringing  together  the  results  of  what  was  well 
called  "  The  Wonderful  Century."  They  were  telUng  of  the 
progress  that  had  been  made  in  art  and  in  various  sciences  and  in 
politics,  in  government,  and  all  sorts  of  things,  and  it  seemed  to 
me  right  and  proper  that  this  Association,  representing  a  great 
art  and  a  great  science  in  New  England,  and  well  known  all  over 
the  world,  should  likewise  stop  and  see  what  had  been  done  during 
the  nineteenth  century  for  water  supply  sanitation.  I  prepared 
the  paper  with  a  good  deal  of  care,  and  on  looking  it  over  lately, 
as  I  had  not  done  for  the  nearly  fifteen  years  that  have  gone  bj^  I 

*  Journal  N.  E.  W.  W.  A. 
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am  very  much  pleased,  and  not  a  little  surprised,  to  find  that  what 
I  said  at  that  time  I  still  believe  to  be  entirely  true.  I  have  not 
found  any  statements  that  need  to  be  made  over. 

The  upshot  of  that  paper  was  that  in  the  nineteenth  century  it 
was  discovered  for  the  first  time  in  the  history  of  man  that  drink- 
ing water  may  convey  disease.  Up  to  the  nineteenth  century, 
people  had  supposed,  many  of  them,  that  disease  came  as  an  act 
of  divine  Providence,  or  that  it  came  as  a  punishment  for  sin,  or 
that  it  came  from  meteoric  disturbances,  or  from  earthquakes  or 
other  strange  things,  and  it  was  not  until  the  middle  of  the  cen- 
tury that  we  even  discovered  clearly  that  water  could  carry  lead 
poison.  That  was  the  first  discovery.  And  then  we  discovered 
that  it  could  carry  the  germs  of  infectious  disease.  A  great  epi- 
demic of  Asiatic  cholera  in  London,  known  as  that  of  the  Broad 
Street  Well,  happened  in  1854.  I  was  born  in  1855,  as  I  may 
mention  in  order  that  you  may  see  that  mj-  life  covers  practically 
the  whole  period  of  our  knowledge  of  water  supply  sanitation. 
It  really  covers  a  good  deal  more  than  that  because  we  didn't  get 
much  sanitation  until  long  after  this  memorable  epidemic.  In 
that  famous  outbreak  six  hundred  people  died  —  died,  mind  you, 
not  sickened,  from  drinking  the  water  of  one  well.  And  of  course 
that  fact, taught  a  lesson  to  the  world  which  it  has  never  since 
forgotten.  The  details  of  that  epidemic  and  other  epidemics  are 
given  in  the  paper  to  which  I  have  already  referred  and  which  I  do 
not  propose  now  to  more  than  mention.  That  was  in  1854.  But 
although  anybody  looking  over  the  evidence  now  is  convinced 
immediately  that  it  was  the  water  of  the  well  that  did  the  work, 
medical  men  at  the  time  —  and  they  were  the  only  men  who  seemed 
much  interested  —  for  the  most  part  disbelieved  the  water  theory; 
and  although  this  was  as  plain  a  case  as  any  one  could  wish,  the 
best  heads  in  London  among  the  medical  men,  with  one  exception, 
came  to  the  conclusion  that  after  all  the  evidence  was  unsatis- 
factory and  conflicting,  and  that  it  was  not  at  all  clear  that  the  well 
had  caused  this  fearful  epidemic.  Some  said  it  was  due  to  the 
fact  that  a  number  of  years  before  a  lot  of  dead  bodies  from  Asiatic 
cholera  victims  had  been  buried  in  a  field  not  very  far  off.  Others 
came  forward,  no  doubt,  with  the  usual  explanation  of  some  meteor, 
comet,  or  earthquake,  and  most  of  them  probably  thought  it  an 
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"  inevitable  infliction  of  divine  Providence."  Dr.  John  Snow, 
however,  a  thoroughly  scientific  medical  man,  and  Mr.  Whitehead, 
a  surveyor,  worked  the  thing  up  very  clearly,  and  any  man  who  ap- 
proaches the  matter  to-day  unprejudiced  cannot  help  being  con- 
vinced immediately  by  all  their  data. 

Now  that  was  in  1854  and  1855.  In  1866  there  was  another 
big  epidemic  of  cholera  traced  to  one  of  the  London  water  supplies. 
In  1872  there  was  an  epidemic  of  typhoid  fever  in  Switzerland 
which  set  back  all  our  sanitation  in  the  nineteenth  century,  be- 
cause the  pollution  in  that  case  came  through  a  hill  to  some  springs 
in  a  little  town  named  Lausen,  and  it  seemed  to  people  inconceiv- 
able that  any  infection  could  have  been  carried  through  a  com- 
plete hill,  a  long  hill.  We  now  believe  that  there  must  have  been 
a  fissure  or  a  channel  through  there;  in  fact,  there  was  evidence 
at  the  time  that  there  was.  But  people  were  more  impressed  by 
the  evidence  against  that  cause  of  the  epidemic  than  they  were  by 
the  evidence  in  favor  of  it.  I  remember  that  my  distinguished 
predecessor  and  friend,  William  Ripley  Nichols,  for  example,  was 
always  very  skeptical  about  that  particular  epidemic.  He  didn't 
know  anything  about  epidemiology  —  nobody  did  in  those  days, 
or  hardly  anything  —  and  he  had  a  right  to  be  critical,  particularly 
as  his  example  in  all  these  matters  was  important.  Professor 
Pettenkofer  of  Munich  was  particularly  cynical,  critical,  and  sar- 
castic about  it.  Nevertheless,  the  truth  undoubtedly  was  that 
typhoid  fever  germs  had  come  through  the  hill,  and  to-day  nobody 
disbelieves  it  who  reads  the  evidence.     That  was  in  1872. 

In  1879,  by  which  time  I  was  just  graduating  from  a  scientific 
school,  there  was  a  typhoid  epidemic  traced  to  the  pollution  of  a 
well  which  was  being  dug  to  add  water  to  a  small  supply  of  a 
suburb  of  London,  and  the  case  there  was  so  clear  —  when  it  was 
found  that  one  of  the  workmen  who  had  been  digging  in  the  well 
evidently  had  typhoid  fever  and  had  defecated  in  the  well,  so  that 
the  people  had  got  his  dejections  pretty  straight  in  the  water  — 
that  the  world  began  to  see  that  water,  after  all,  could  carry  the 
germs  of  disease. 

In  1885  we  had  our  greatest  American  lesson  at  Plymouth,  Pa., 
when,  out  of  8  000  people,  1  200  came  down  with  typhoid  fever. 
That  was  not  the  worst  epidemic  of  typhoid  that  we  have  ever 
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had,  but  it  was  the  worst  one  that  I  know  of  due  to  water.  Twelve 
hundred  came  down  with  typhoid  out  of  a  small  population  of 
8  000.  And  it  was  absolutely  proved  in  that  case,  to  the  satis- 
faction of  everybody,  that  excreta  from  typhoid  patients,  thrown 
out  on  a  little  tributary  of  some  small  reservoirs  supplying  a  part 
of  the  town,  had  been  responsible  for  the  epidemic. 

Then  came  the  Lowell  and  Lawrence  epidemic  of  1890,  which 
many  of  those  present  will  remember  very  well  and  which  I  per- 
sonally had  the  opportunity  to  investigate.  And  after  that  there 
was  no  longer  any  doubt  —  and  really  even  before  this  —  that 
water  could  convey  the  germs  of  disease.  But  to  show  you  how 
long  we  were  in  reaching  this  conclusion,  and  how  slow  the  de- 
velopment of  water  supply  sanitation  was,  even  in  the  latter 
part  of  the  nineteenth  century,  we  have  only  to  refer  to  the  fact 
that  one  of  the  most  distinguished  engineers  of  the  time,  Mr. 
Cheesebrough,  after  a  careful  consideration  of  the  conditions  of 
the  Merrimack  River,  reported  in  1872  to  Lowell  and  Lawrence 
that  the  best  thing  they  could  do  to  get  a  pure  supply  was  to  stick 
a  pipe  right  down  into  that  polluted  river  and  pump  the  water  to 
the  people  without  any  hesitation;  "  for  it  is  clear,"  he  said  in 
substance,  "  from  the  examination  of  chemists,  that  running  water 
purifies  itself,  and  even  the  nine  miles  above  the  Lawrence  intake 
are  sufficient  to  render  the  water  pure  and  safe."  He  did  the 
same  thing  for  Chicago  and  the  same  for  Pittsburg,  i-ecommending 
them  likewise  to  take  highly  polluted  supplies,  trusting,  as  he  had 
a  right  to  do,  to  the  teachings  of  the  chemists  that  running  water 
purifies  itself.  But  by  the  end  of  the  century  —  for  in  the  mean- 
time had  come  the  great  typhoid  and  cholera  epidemics  in  Ham- 
burg in  and  before  1892  —  by  the  end  of  the  century,  when  I 
prepared  this  paper,  it  had  become  perfectly  clear  that  running 
water  does  not  adequately  purify  itself;  and  I  am  rather  proud 
of  the  paragraph  in  my  paper  in  which  an  idea  is  contained  which 
had  never  been  stated  in  quite  the  same  way  before,  —  although 
it  is  now  well  understood.  The  paragraph  is  headed,  "  Quiet 
water,  not  running  water,  purifies  itself."  And  I  remember  the 
almost  horror-stricken  faces  of  some  members  of  the  Association 
when  I  read  this  paragraph,  fifteen  years  ago.     I  will  read  it: 

"  The  reason  for  this  practice,  now  so  thoroughly  discredited  " — 
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That  is,  the  practice  I  had  referred  to  in  the  previous  paragraph, 
of  taking  water,  as  it  had  been  taken  at  Lowell  and  Lawrence  and 
Chicago  and  Pittsburg  and  Burlington,  Vt.,  and  many  other 
places,  — 

"  The  reason  for  this  practice,  now  so  thoroughly  discredited, 
was,  as  is  well  known,  an  undue  reliance  upon  the  so-called  '  self- 
purification  of  streams,'  a  process  which,  though  often  real,  is 
often  also  incomplete  and  untrustworth}".  The  idea  prevalent  in 
the  greater  part  of  the  century  that  '  running  water  purifies  it- 
self,' while  true  enough  up  to  a  certain  point  and  especially  true 
so  far  as  purification  by  dilution  and  by  the  displacement  of  dis- 
solved gases  is  concerned,  has  in  the  last  years  of  the  century  been 
shown  to  be  either  erroneous  or  to  have  Uttle  or  no  meaning  so  far 
as  the  direct  oxidation  of  organic  matter  or  the  destruction  of 
man}'  living  microbes  which  may  be  present  in  suspension,  are 
concerned.  For  these  latter,  on  the  contrary-,  it  would  probably 
be  more  correct  to  say  that  '  quiet  water  purifies  itself,'  "  — 

I  now  often  use  the  term  "  standing  "  water,  —  "  stagnant  " 
water,  —  for  to  stagnate  means  to  stand, 

—  "  since  in  such  water  microbes  tend  eventually  to  disappear, 
either  dying  from  old  age  or  inanition  or  settling  to  the  Ijottom 
and  being  there  detained." 

That  paragraph  created  a  good  deal  of  surprise  at  the  time  and 
also  when  it  was  published  in  my  book  on  "  Sanitary  Science  and 
Public  Health."  But  it  is  al)sohiteh^  true.  It  was  true  then  and 
it  is  even  truer  to-day.  We  know  better  why  this  is  so  to-day 
than  we  did  then.  After  summarizing  things  very  much  as  I  have 
done  just  now,  I  went  on  to  speak  of  the  influence  of  bacteriology 
upon  the  theory  of  filtration.  I  gave  the  history  of  filtration  and 
the  influence  of  bacteriology  upon  it,  and  I  referred  at  the  very 
end  to  experimental  studies  on  filtration: 

"  Its  theory  and  practice  have  been  carefully  studied,  —  per- 
haps more  carefully  at  the  Lawrence  Experiment  Station  of  the 
Massachusetts  State  Boai'd  of  Health  than  anywhere  else,  — 
and  its  applicability  to  various  kinds  of  water  under  various  con- 
ditions has  received  elaborate  and  extended  investigation,  es- 
pecially at  Louisville,  Kv.,  and  Cincinnati,  Ohio,  under  the  direc- 
tion of  Mr.  George  W.  Fuller,  and  at  Pittsburg,  Pa.,  by  Mr.  Allen 
Hazen.     Under  the  advice  and  direction  of  Mr.  Hazen,  the  city 
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of  Albany,  N.  Y.,  in  1899  constructed  a  municipal  filter  of  the 
most  modern  type  for  the  purification  of  the  polluted  Hudson 
River  which,  unfiltered,  had  long  been  at  once  the  source  of  water 
supply  in  Albany  and  the  cause  of  an  excess  of  typhoid  fever. 
This  filter  has  already  demonstrated  its  sanitary  efficiency  and 
will  probably  stand  in  the  future  as  a  representative  example  of 
the  best  practical  achievement  of  the  century  in  the  purification 
of  a  polluted  water  supply  by  slow  sand  filtration." 

Then  came  a  paragraph  about  the  purification  of  water  supplies 
against  pollution  at  the  source.  With  the  experience  of  that 
suburb  of  London  (Caterham)  to  which  I  have  referred  above,  and 
of  Pennsylvania  (Plymouth)  and  of  the  Lowell  and  Lawrence 
epidemic,  it  required  no  great  perspicacity  to  see  that  protection 
at  the  source  is  important.  I  then  summarized  the  whole  matter 
for  the  nineteenth  century  in  a  final  paragraph,  part  of  which  I 
will  read: 

"  Present  State  of  the  Subject." 

"'  The  nineteenth  century  has  thus  witnessed  the  gradual  rise  of 
modern  water-supply  sanitation,  and  considerable  progress  in  its 
various  branches.  It  is  now  agreed  on  all  sides  that  impure  water 
may  be  not  merely  a  predisposing  cause,"  — 

as  was  alleged  by  many  people,  especially  in  the  days  of  the 
Broad  Street  well.  The  wiseacre  doctors  said,  "  Well,  possibly 
that  well  was  a  predisposing  cause,  but  to  think  that  it  was  the 
real  cause  is  impossible," 

—  "  but  the  actual  vehicle,  of  infectious  diseases  such  as  Asiatic 
cholera  and  typhoid  fever.  The  '  ground-water  '  theory  and  the 
'  pathogenic  '  theory  of  typhoid  fever  have  disappeared  and  the 
'  germ  '  theory  is  the  only  one  recognized  to-day." 

That  ground-water  theory  had  a  long  and  wide  acceptance  under 
the  influence  of  Pettenkofer;  and  my  friend  Professor  Nichols 
always  shook  his  head  when  we  mentioned  the  drinking-water 
theory  of  typhoid  fever.  One  theory  was  known  in  Germany  as 
the  Grundwasser  Theorie  and  the  other  as  the  Drinkwasser  Theorie. 
Pettenkofer  was  in  favor  of  the  ground-water  theory  and  Koch 
and  his  school  were  in  favor  of  the  drink-water  theory. 

"  Filtration  through  sand,  proposed  in  1828,  begun  in  London 
in  1829,  and  required  by  law  for  river-waters  in  London  after  1855, 
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was  at  first  slowly  and  empirically  improved  as  an  art,  though  its 
existence  and  sanitar^^  value  were  repeatedly  justified,  especially 
in  the  cholera  epidemic  of  1866.  It  nevertheless  passed  under  a 
cloud  for  a  time,  chiefly  because  of  the  phenomena  of  the  Lausen 
epidemic  of  1872,  which  seemed  to  show  that  even  the  most  ex- 
tensive filtration  of  an  infected  water  supply  was  insufficient  to 
remove  the  poison  of  the  disease;  and  was  only  restored  to  its 
proper  place  in  the  confidence  of  experts  after  the  lapse  of  time, 
the  gradual  accumulation  of  evidence  in  its  favor,  the  powerful 
support  of  bacteriology,  and  especially  after  fresh  and  indubitable 
demonstrations  of  its  efficiency  and  value,  such  as  those  afforded 
by  the  long  experience  of  London,  that  of  Altona  in  1892  "  — 

a  suburb  of  Hamburg  which  did  not  get  cholera,  while  Hamburg 
did,  although  the  Altona  raw  water  was  worse,  Altona  having 
filters  and  Hamburg  not  having  them,  — 

—  "  and  that  of  Lawrence  in  1893,  etc. 

"  The  nineteenth  century  has  also  witnessed  great  progress  in 
the  general  recognition  of  the  absolute  necessity  of  carefully  pro- 
tected watersheds,  not  only  for  the  collection  of  surface  waters 
which  are  to  be  used  without  filtration,  but  also  for  those  —  such 
as  th»  water  of  the  Thames  —  which  are  to  be  both  settled  and 
filtered  before  their  consumption.  It  has  learned  to  recognize 
the  fact  that  the  so-called  purification  of  polluted  waters  by  '  run- 
ning '  in  rivers,  and  even  by  '  storage  '  in  small  reservoirs,  is  often 
incomplete  and  untrustworthy,  and  recognition  of  this  fact  has 
led  to  great  and  enormously  expensive  undertakings  such  as  the 
IVletropolitan  Water  Works  of  Massachusetts  and  the  Sanitary 
Drainage  Canal  of  Chicago,  ])oth  designed  to  secure  not  merely 
more  abundant,  but  also  purer,  water  supplies." 

That,  then,  was  the  state  of  affairs  at  the  end  of  the  nineteenth 
century,  or  substantially  that.  Some  of  those  present  will  per- 
haps say  that  too  much  emphasis  was  laid  in  that  last  paragraph 
upon  the  importance  of  protection  at  the  source,  of  the  sanitary 
control  of  watersheds  and  the  like,  and  there  is  possibly  something 
to  be  said  on  that  head. 


Now,  what  arc  the  broader  features  of  water-supply  sanitation 
in  the  first  decade  and  a  half  of  the  twentieth  century? 

In  the  first  place,  I  think  we  may  say  that  there  has  l)een  no 
abatement  in  our  requirements  for  sanitation.    Disease-producing, 


190  WATER    SUPPLY    SANITATION. 

pathogenic,  or  infected  water  is  even  less  tolerable  to-day  than  it 
was  then.  These  requirements  —  that  is,  the  requirements  for 
water-supply  sanitation  —  were  really  mapped  out  and  completed 
by  the  end  of  the  nineteenth  century,  but  our  sanitary  standards 
of  to-day  are  higher  than  ever  before. 

In  the  second  place,  we  have  also  raised  our  standards  of  pre- 
vention of  infection.  We  consider  prevention,  sanitary  collec- 
tion, watershed  purchase  and  control,  and  sanitary  policing,  of 
fundamental  importance.  But  we  have  also  learned  that  with 
the  increase  of  population,  especially  suburban  population,  water- 
shed ownership  and  control  are  becoming,  and  are  likely  to  become, 
increasingly  difficult. 

In  the  third  place,  our  faith  in  the  great  natural  as  opposed  to 
artificial  agencies  of  purification,  filtration  and  storage,  remains 
not  only  unabated  but  has  been  strengthened  during  the  fifteen 
years  under  consideration.  We  believe  to-day,  even  more  than 
we  did  then,  that  quiet  water  rather  than  running  water  purifies 
itself,  and  great  cities  are  depending  on  great  storage  basins  for 
purification  of  their  supplies,  —  and  rightly  so.  • 

The  Lawrence  filter,  the  first  in  America  to  stand  between  a 
water  both  highly  polluted  and  highly  infected  and  a  large  in- 
dustrial population,  has  now  done  its  work  faithfully  for  twenty- 
two  years,  and  it  has  been  successfully  imitated  by  a  host  of  follow- 
ers. Storage,  also,  in  the  Wachusett  Reservoir  for  the  Metropoli- 
tan District  of  Massachusetts,  and  for  many  other  great  popula- 
tions elsewhere,  has  abundantly  proved  its  potency  for  sanitation. 

On  the  other  hand,  we  have  not  merely  held  fast  to  that  which 
is  good,  but  have  also  made  brilliant  advances.  Progress,  how- 
ever, has  taken  the  form  not  so  much  of  prevention  of  pollution 
and  infection  as  of  cure  by  chemical  treatment,  of  which  chemical 
disinfection  or  sterilization  by  bleaching  powder  or  liquid  chlorine 
is  undoubtedly  the  most  important.  Upon  this  I  do  not  need  to 
dwell.  Supplies  which  are  hardly  deemed  worthy  of  expensive 
filtration  have  been  made  safe  by  chemical  disinfection.  And  we 
must  understand  that  this  is  often  differential  chemical  disin- 
fection. That  is  to  say,  a  disinfectant  may  be  used  of  such  a 
strength  as  to  destroy  germs  present  in  the  water,  but  not  of  a 
strength  sufficient  to  destroy  the  people  using  the  water.     There  is 
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differential  treatment  here  just  as  there  is  in  the  administration 
of  quinine  for  malaria.  Quinine  in  sufficiently  big  doses  is  un- 
doubtedl}'  a  poison,  l)ut  quinine  administered  medically  against 
malaria  is  what  is  called  in  medicine  a  specific,  while  in  another 
sense  it  is  a  differential  disinfectant. 

Our  other  improvements  have  to  do  rather  with  the  refining 
than  with  the  sanitation  of  water  supplies,  and  I  may  enumerate 
them  as  follows: 

Twentieth  Century  Water-Refining. 

(a)  Final  Sanitation,  by  differential  disinfection,  etc. 

(b)  Clarification,  b}'  coagulation  and  sedimentation. 

(c)  Differential  Toxination,  b}-  copper  sulphate. 

(d)  Decolorization,  by  hght  and  by  coagulants. 

(e)  Deodorization,  by  aeration,  etc. 
(/)  Softening. 

(g)  Deferrization. 

I  think  we  may  see,  in  looking  over  the  whole  field  and  in  com- 
paring the  twentieth  century  with  the  nineteenth,  that  our  work 
in  the  twentieth  century  thus  far  has  been  largely,  though  not 
wholly,  the  refining  of  water.  It  is,  of  course,  true  that  we  have 
secured  a  very  important  new  weapon  in  chemical  disinfection,  — 
an  important  sanitary  weapon;  but  it  is  no  less  true  that  we  have 
got  a  lot  of  improvements  in  the  character  of  our  waters  which  may 
well  be  called  water  refining,  and  which  are  of  value  quite  apart 
from  disinfection  purposes  or  sanitary  purposes,  and  these  are, 
first,  as  stated  above,  Clarification  by  chemical  coagulation,  — 
that  is  to  say,  by  the  removal  of  turbidity  and  the  carrying  down 
of  mud  and  the  freeing  of  water  from  disagreeable  appearance. 
Any  one  who  remembers  how  the  water  was  in  Washington  before 
it  was  filtered  and  as  it  is  now  after  coagulation,  or  who  remem])ers 
how  it  was  in  St.  Louis  before  filters  and  coagulants  wer(^  ai)plied, 
knows  very  well  what  I  mean. 

Again,  we  have  what  I  am  calling  differential  toxination.  I 
might  call  it  intoxication  or  poisoning,  but  it  is  preferable  to  use 
some  term  that  the  public  won't  misunderstand,  or  won't  under- 
stand at  all,  perhaps,  and  so  I  propose  the  term  "differential 
toxination."     It  is  the  same  idea,  of  course,  as  in  chemical  steri- 


192  WATER  SUPPLY  SANITATION. 

lization.  By  copper  sulphate  it  is  possible,  as  you  know,  to  con- 
trol troublesome  algal  growths  by  a  process  of  chemical  treatment 
which  is  practically  intoxication  and  which  is  so  arranged,  so 
graduated,  as  to  be  differential.  It  will  kill  the  growths  but  it 
won't  injure  the  people  who  drink  the  water. 

The  next  item  which  has  come  into  great  prominence  in  these 
fifteen  years  is  decolorizatioyi.  I  very  much  wish,  as  I  have  often 
said  to  him,  that  Mr.  Coggeshall  would  bring  here  and  keep  for  us 
as  a  kind  of  perpetual  show  some  of  the  old  New  Bedford  water 
supply,  which  Avas  as  dark  in  color  as  dark  tea.  People  were  fairly 
content  at  one  time  with  water  as  highly  colored  as  that  was  and 
for  most  of  the  nineteenth  century,  l3ut  to-day  decolorization  has 
a  distinct  cash  value  with  the  public.  And  this  whole  matter 
of  water  supply  treatment  is  becoming  a  refinement  similar  to  that 
which  leads  us  to  prefer  granulated  sugar  to  the  good  old  brown 
sugar  with  the  molasses  in  it,  which  we  had  when  we  were  young- 
sters, and  which  we  still  get  sometimes,  and  which  is  very  good, 
just  as  thfvt  old  New  Bedford  water  was  most  excellent  though 
unattractive  to  look  at. 

Then,  too,  deodorization  has  come  to  have  its  value.  There  was 
a  time  —  and  it  was  not  so  far  back  in  the  nineteenth  century, 
either  • —  when  water-works  men  did  not  take  particular  pains  to 
deodorize  water.  They  said,  "  The  water  is  harmless  and  if  you 
don't  like  the  taste  you  must  grin  and  bear  it,  or  wait  until  the 
bad  taste  has  passed  by."  But  to-day  tastes  and  odors  —  for 
most  tastes  are  odors  —  are  deemed  well  worth  the  closest  atten- 
tion of  water-works  officials. 

Softening,  too,  has  come  in,  beginning  at  Oberlin  and  Winnipeg, 
and  a  few  other  places,  and  has  become  one  of  the  great  things  of 
the  times;  while  one  of  the  latest,  as  you  know,  is  the  treatment  for 
iron,  to  get  rid  of  excessive  iron,  de-ferri?ation. 

Now,  along  with  these,  which  I  feel  justified  in  calling  refine- 
ments or  processes  of  water  refining,  rather  than  proce'sses  of 
sanitation,  Ave  have  had  many  interesting  experiences.  One  of 
the  most  remarkable,  I  think,  when  the  history  of  the  time  comes 
to  be  written,  will  be  found  to  be  that  regarding  the  use  of  alum. 
In  many  cities  there  was  no  objection  to  the  use  of  alum  as  a  coagu- 
lant, but  in  some  places  there  was  very  serious  objection,  —  one 
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of  the  worst,  probably,  being  Washington,  or  the  District  of 
Columbia,  where  the  medical  profession  arose  almost  as  one  man 
and  announced  that  it  would  not  have  alum  used  for  the  purifica- 
tion of  the  Washington  water  supply.  The  newspapers  said  that 
the  people  did  not  want  "  puckered  "  water;  they  didn't  want 
"  puckered  "  stomachs;  and  all  sorts  of  devices  were  used  to 
try  to  influence  the  people  against  the  use  of  alum.  They  were 
assured  that  there  was  next  to  none  in  the  water,  but  it  didn't  make 
any  difference.  And  even  intelUgent  medical  men  rose  up  and 
made  a  terrible  powwow  aliout  the  whole  affair  in  medical  meetings 
and  delayed  the  proper  purification  of  the  Washington  water 
supply  for  a  number  of  years.  Their  attitude  was  very  much  like 
that  of  Liebig  with  reference  to  the  microscope.  Liebig,  one  of 
the  most  distinguished  chemists  of  the  nineteenth  centurj^,  refused 
to  look  through  a  microscope,  refused  to  beheve  that  yeast  was  a 
living  thing,  refused  to  believe  that  you  could  learn  anything  by 
the  use  of  a  microscope,  cast  ridicule  upon  young  men  trying  to 
follow  in  the  footsteps  of  Helmholtz  and  Pasteur,  and  by  his  in- 
fluence delayed  the  development  of  the  germ  theory  for  many  years. 
A  similarly  unfortunate  attitude  was  assumed  by  the  medical 
profession  in  New  York  City  at  one  time  in  respect  to  pasteurized 
milk.  The  behavior  of  the  Washington  medical  men  was  much 
the  same,  and  to-day,  in  the  light  of  our  experience  with  the  use 
of  alum  all  over  the  world,  it  is  hard  to  see  how  intelligent  men 
could  have  been  so  blind.  It  is  a  fact,  however,  and  an  interesting 
fact,  in  the  history  of  our  subject. 

We  are  now  catering  in  water  supply  to  taste  and  comfort 
almost  as  much  as  to  health.  We  are  advancing  from  water 
suppl}"  as  an  art  to  water  supply  as  a  science.  And  here  as  ever}-- 
where  we  are  assisting  nature.  Sand  filtration  and  storage  we 
must  still  employ,  but  these  are  not  always  sufficient.  Nature 
often  breaks  down  under  unnatural  conditions.  Art  and  science 
must  come  to  her  aid.  That  they  are  doing  so  already  in  water 
supply  science  is  obvious  to  any  one  who  reads  the  signs  of  the 
times. 

In  connection  with  this  fact,  —  that  we  are  now  entering  upon 
a  period  of  water  refining,  —  it  ought  also  to  be  said  that  the 
American  public  appear  ready  and  glad  to  pay  for  such  refining. 
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But  it  is  a  curious  and  interesting  fact  that  they  are  as  j^et  un- 
wilhng  to  do  the  same  thing  for  the  refining  of  milk.  A  Httle 
increase  in  the  water  rates  for  the  benefit  of  an  improved  water 
supply,  even  in  respect  to  its  refinement,  is,  as  a  rule,  cheerfully 
borne  by  a  community,  but  any  increase,  however  small,  in  the 
price  of  milk,  which  shall  make  it  cleaner  and  safer  and  more 
abundant,  has  generally  met  with  bitter  opposition  on  the  part 
of  the  consumer  and  almost  everybody  else  except  the  producer. 
The  human  animal  is  a  strange  beast.  It  seems  sometimes  as  if 
he  was  intelligent  only  in  spots,  —  just  as  he  is  clean  only  in  spots 
and  moral  only  in  spots.  I  congratulate  this  Association  that  in 
respect  to  water,  at  any  rate,  he  does  appear  to  be  ready  to  meet 
the  necessities  of  the  case  and  to  pay  more  for  refined  water  than 
for  unrefined,  just  as  he  cheerfully  pays  more  for  refined  than  for 
unrefined  sugar. 
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SOME  WATER-WORKS  EXPERIENCES    IN  HARTFORD, 

CONN. 

BY    CALEB    MILLS   SAVILLE,    CHIEF    ENGINEER,    HARTFORD    WATER 
WORKS,   HARTFORD,    CONN. 

[Read  December  S,  IJlo.] 

INADEQUACY  OF  SUPPLY. 

The  inadequacy  of  the  present  works  supplying  water  to  the 
city  of  Hartford  was  recognized  considerably  over  a  decade  ago, 
but,  due  to  different  causes  and  combinations,  the  project  did  not 
take  definite  shape  until  the  latter  part  of  the  year  1911.  After 
this,  owing  to  legal  and  land  questions,  the  first  contracts  for  an 
additional  supply  could  not  be  let  until  nearly  a  year  later. 

The  present  source  is  a  series  of  six  reservoirs  for  storing  surface 
water  gathered  from  the  easterly  slope  of  Talcott  Mountain,  and 
is  located  about  six  miles  west  of  Hartford  City  Hall.  In  ex- 
tremely dry  years  this  source  is  estimated  to  be  able  safely  to 
yield  about  7.5.  m.g.d.  Although  in  average  years  a  yield  in 
the  neighborhood  of  9.5  m.g.d.  can  be  counted  on,  it  has,  how- 
ever, been  very  disquieting,  to  say  the  least,  when  the  reservoirs 
have  been  depleted  to  such  an  extent  that  only  a  few  hundred 
thousand  gallons  remained  in  storage.  This  has  happened  twice 
within  the  past  five  years,  and  in  one  year  during  this  period  the 
reservoirs  failed  to  fill.  Due  to  the  metering  of  nearly  every 
connection  in  the  city,  the  consumption  of  water  in  Hartford  has 
been  kept  at  a  rate  of  about  66  gal.  per  capita.  The  popula- 
tion of  the  city,  however,  has  increased  rapidly,  and  the  increase 
in  the  amount  of  water  used  has  been  within  proper  limits.  In 
1905  the  consumption  was  6.8  m.g.d.;  in  1910,  7.7  m.g.d.,  and  for 
1915  the  amount  will  not  be  far  from  9.4  m.g.d.  Works  for  an 
additional  supply  are  now  in  process  of  construction,  and,  with 
these  completed,  it  is  estimated  that  at  least  30  m.g.d.  will  be 
added  to  the  present  supply  in  periods  of  greatest  drought.  This 
water,  however,  will  not  be  fully  available  until  early  in  1918,  but 
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the  works  have  proceeded  to  such  a  point  that  in  case  of  emergency 
some  help  can  be  obtained  from  them.  Hartford,  therefore,  is 
now  for  the  first  time  in  many  years  beginning  to  be  freed  from  the 
threat  of  taking  emergency  water  from  a  polluted  source,  and  the 
beginning  of  the  end  of  water  shortage  for  many  years  to  come  is 
now  close  at  hand. 

In  the  years  1908  to  1914,  inclusive,  all  New  England  and 
neighboring  territory  passed  through  a  period  of  extremely  low 
rainfall,  and  Hartford  also  was  very  close  to  water  famine  during 
the  entire  time.  What  emergency  measures  were  taken  in  the 
face  of  this  danger  will  be  ])riefly  stated.  The  problem  was  not 
a  new  one  in  the  history  of  the  Hartford  Water  Board.  To  meet 
similar  conditions  in  1899-1900,  two  Worthington  pumps  with  a 
nominal  capacity  of  5  m.g.d.,  together  with  necessary  boilers  and 
other  appurtenances,  were  purchased  and  temporarily  installed 
on  the  bank  of  the  Connecticut  River  north  of  the  stone  bridge, 
at  an  approximate  cost  of  $14  700.  ,  Soon  after  this,  however, 
rain  fell  in  abundance  and  it  was  not  found  necessary  to  use  the 
plant . 

In  the  report  for  the  year  1908,  it  is  stated  that,  "  owing  to 
the  peculiar  climatic  conditions  of  the  past  season,  the  depletion 
of  the  reservoirs  was  very  great  and  caused  the  members  of  the 
Water  Board  much  anxiety."  When  the  water  in  the  reservoirs 
reached  a  point  where  there  was  barely  enough  to  supply  the  city 
for  three  months,  it  was  decided  by  the  Board  to  lay  a  pipe  line 
from  the  Farmington  River  to  such  a  point  that  water  could  be 
pumped  through  it  over  Talcott  Mountain  and  then  flow  by 
gravity  into  the  Hartford  Reservoir  System.  About  $15  000 
was  spent  for  cast-iron  pipe  for  this  purpose,  but  the  rains  came 
on  and  the  necessity  at  that  time  was  averted.  The  next  year, 
1909,  conditions  of  run-off  did  not  greatly  improve,  and  experi- 
ments were  made  to  ascertain  if  a  temporary  supply  could  not 
be  obtained  in  the  vicinity  of  the  Connecticut  River,  by  means 
of  driven  wells.  These  experiments  were  unsuccessful,  as  the 
quantity  was  not  sufficient  to  warrant  the  expense  of  a  plant,  and 
the  water  itself  was  so  highly  impregnated  with  iron  as  to  be 
practically  worthless  for  domestic  purposes.  Attention  was  again 
turned  to  the  Connecticut  River  as  a  source  of  supply. 
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Mindful  of  an  epidemic  of  typhoid  fever  that  had  appeared  in 
the  city  the  last  time  water  from  the  Connecticut  River  was  used, 
experiments  were  made  for  disinfection,  using  hypochlorite  of 
lime.  The  results  of  these  experiments  seemed  to  justify  the 
conclusion  that  an  effluent  free  from  tj'phoid  germs  could  be 
produced  by  the  use  of  1.5  parts  available  chlorine  per  million 
parts  of  water.  The  reservoirs  again  filled,  however,  before  it 
was  necessary  to  use  this  water,  and  the  emergency  plant  was  not 
required.  In  1910,  a  shortage  of  water  being  again  feared,  the 
Connecticut  River  pumps  were  once  more  given  attention,  and 
the  entire  plant  put  in  condition  for  use  at  a  cost  of  about  $5  000. 
In  1911  the  reservoirs  failed  to  fill  during  the  spring,  and  much 
anxiety  was  felt  concerning  the  supply.  Early  in  the  fall,  how- 
ever, due  to  very  heavy  rains  in  October,  the  reservoirs  were 
completely  filled  by  the  first  of  1912.  The  first  of  June  the  water 
in  the  reservoirs  began  to  drop,  and  there  was  a  steady  depletion 
of  storage  all  through  the  summer  and  fall.  Once  again  the  river 
pumping  plant  was  overhauled  and  made  ready  for  use.  The 
results  of  careful  investigations  and  tests  at  this  time  plainly 
showed  that  the  plant  was  in  no  condition  to  combat  a  serious 
shortage.  Various  means  of  meeting  the  emergency  were  con- 
sidered, most  of  which  included  the  use  of  river  water  to  some 
degree.  No  one  wanted  to  use  this  water,  and  it  was  desirable 
to  keep  it  out  of  the  pipe  system,  even  if  it  were  sterilized.  As 
affording  some  slight  relief,  pressures  throughout  the  city  were 
reduced  about  12  lb.  by  throttling  gates  on  the  main  supply  pipe 
lines,  and  it  was  estimated  that  this  action  resulted  in  a  saving 
of  about  one  third  of  a  million  gallons  of  water  per  day.  Again, 
however,  the  rains  came  in  time,  the  reservoirs  filled,  and  the 
danger  of  shortage  was  over  for  a  while.  During  the  succeeding 
summer  the  reservoir  storage  fell  at  a  rate  which  had  become 
usual  during  the  past  five  years.  In  November  and  December,, 
due  to  heavy  rain  and  mild  weather,  the  storage  started  upward! 
but  the  reservoirs  did  not  become  filled  until  the  last  of  May,  1913.. 
They  then  almost  immediately  started  down  again  at  the  cus- 
tomary pace,  until  a  very  heavy  October  rain  with  succeeding 
lighter  falls  added  nearly  700  million  gallons  in  fourteen  days, 
and  the  danger  was  past  for  that  year.     Starting  with  full  reser- 
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voir  storage  of  about  2.1  billion  gallons,  the  last  part  of  May, 
1914,  the  reservoir  storage  began  to  drop  so  that  early  in  August 
serious  consideration  was  again  given  to  the  matter  of  an  emer- 
gency supply.  The  supply  line  connecting  the  additional  supply 
works  with  the  present  reservoir  system  had  l)een  completed,  and 
the  first  thought  was  to  augment  the  supply  by  drawing  water 
from  one  of  the  feeders  of  the  proposed  reservoir.  It  was  realized, 
however,  that  the  flow  of  Phelps  Brook  could  be  relied  upon  to 
furnish  only  a  comparatively  limited  amount  of  water  should 
conditions  become  really  serious.  On  this  account  it  was  decided, 
therefore,  to  use  the  brook  water  so  far  as  available  and  also,  in 
order  to  be  prepared  for  ultimate  necessity,  to  authorize  the  con- 
struction of  works  for  obtaining  water  from  the  Farmington  River. 
As  had  been  the  case  two  years  previously,  throttling  of  gates  was 
again  resorted  to,  with  the  result  of  a  saving  of  about  300  OOO  gal. 
per  day.  This  means  of  conserving  water  will  be  taken  up  in 
detail  later. 

Emergency  Works,  Farmington  River. 

The  Connecticut  River  source  had  been  mentioned  but  was  not 
seriously  considered  on  account  of  local  sanitary  conditions,  the 
nominal  inadequacy  of  the  pumps  to  furnish  a  sufficient  supply 
if  the  necessity  for  use  actually  came,  and  the  practical  certainty 
that  the  plant  could  not  be  relied  upon  for  constant  service  if 
started.  The  Farmington  River  offered  a  source  for  auxiliary 
supply  which,  while  known  to  be  polluted  and  in  other  ways  far 
from  ideal,  nevertheless  offered  advantages  for  an  auxiliary  and 
emergency  supply  that  outranked  other  practicable  sources. 
The  advantages  of  this  source  were  the  following: 

A  pumping  station  could  easily  be  constructed  on  the  Farming- 
Ion  River  banks  near  the  new  supply  pipe  line,  and,  through  this 
and  the  new  conduit,  water  could  be  delivered  into  the  present 
reservoir  system. 

A  high-voltage  electrical  line  crossed  the  river  at  this  same 
point,  and  power  for  operating  the  pumps  was  immediately 
available. 

Regarding  pollution,  there  was  little  choice  under  ordinary 
conditions  between  the  Farmington  and  Connecticut  rivers, 
but  even  what  there  was  favored  the  former  source. 
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Regarding  the  disinfection  and  sterilization  of  the  effluent 
from  the  two  sources,  there  was  much  in  favor  of  the  Farmington 
River  suppl}-.  In  the  case  of  the  Connecticut  River,  the  only 
reliance  was  a  hypochlorite  plant  forcing  the  chemical  into  the 
suction  main  of  the  pumps  which  discharged  directly  into  the 
distribution  system  with  little  or  no  time  for  action.  In  the  case 
of  the  Farmington  River  water,  double  hypochlorite  treatment 
and  sedimentation  for  some  hours  in  the  reservoir  was  possible 
before  the  water  reached  the  city.  Besides  this,  variations  of 
wind,  tide,  and  sewage  discharge  in  the  vicinit}^  of  the  Connecticut 
River  station  brought  about  constantly  changing  conditions  at 
the  intake.  In  the  case  of  the  Farmington  River  station,  pollu- 
tion conditions  were  very  uniform,  and  a  long  reach  of  slowly 
flowing  water  above  the  station  was  recognized  as  being  of  ver}- 
great  value  from  a  sanitary  standpoint.  The  total  cost  of  the 
emergency  plant  constructed  on  the  Farmington  River  was  about 
$13  500,  including  land,  pumping  station,  electrical  and  hydraulic 
machinery,  and  all  incidentals  and  appurtenances  required  to 
deliver  water  into  Reservoir  No.  1. 

As  designed  and  built,  the  pumping  station  has  a  capacity  of 
4  m.g.d.  Provision  was  made  for  the  immediate  addition  of 
another  pumping  unit  should  it  be  required;  the  discharge  main 
was  of  ample  size  for  any  ordinary  expansion  of  the  plant,  and  by 
comparatively  inexpensive  construction  the  intake  could  be 
extended  if  necessary.  The  discharge  main  from  the  pumps  con- 
nects with  the  42-in.  main  through  the  inspection  manhole  on 
top  of  a  blow-off  branch  in  that  main.  The  cover  of  this  manhole 
was  unbolted  and  a  specially  cast  flanged  riser  bolted  on  to  the 
flange  of  the  blow-off. 

As  stated  above,  the  station  is  located  on  the  banks  of  the 
Farmington  River  near  the  crossing  of  the  Nepaug  Pipe  Line. 
This  pipe  line  is  of  cast  iron,  42  in.  in  diameter,  and  has  been 
constructed  recently  to  bring  water  from  the  new  supply  to  the 
present  reservoir  system.  Starting  from  the  gate-house  at  the 
Phelps  Brook  dam,  it  extends  aljout  7|  miles  southeasterly-  to 
the  westerly  entrance  of  the  concrete  conduit,  also  newly  l)uilt. 
By  means  of  this  conduit,  a  half-mile  tunnel  and  an  additional 
mile  of  conduit  yet  to  be  built,  water  will  ultimately  be  delivered 
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into  Reservoir  No.  5  of  the  present  system.  From  the  open 
easterly  end  of  the  concrete  conduit,  by  means  of  a  short  section 
of  open  ditch,  water  can  be  dehvered  into  a  brook  which  flows 
into  Reservoir  No.  1,  the  present  distributing  reservoir  of  the 
city  works.  Along  the  pipe  line  the  location  of  the  pumping 
station  is  about  3  000  ft.  west  of  the  entrance  to  the  conduit, 
which  is  also  the  summit  over  which  water  was  to  be  pumped. 
On  account  of  local  conditions,  a  centrifugal  plant,  electrically 
operated,  seemed  to  offer  the  best  solution  of  the  pumping  prob- 
lem, and  tenders  for  the  construction  and  installation  of  this  plant 
as  a  whole  were  invited  from  several  large  engineering  and  con- 
tracting companies.  A  comparison  of  the  figures  received  and 
an  estimate,  based  on  the  plant  being  furnished  by  the  city  and  a 
contract  for  construction  of  station  and  installation  of  machinery, 
indicated  that  quite  a  substantial  saving  could  be  accomplished 
by  the  latter  method.  The  final  result  showed  that  this  decision 
was  not  a  mistake.  Besides  the  actual  saving,  the  city  was 
enabled  to  proceed  step  by  step  in  the  matter,  watching  the 
reservoir  storage  depletion  and  placing  orders  for  plant  only  as 
seemed  necessary  to  meet  conditions.  The  pumps  had  to  be 
made  to  order,  and  from  four  to  six  weeks  were  required  for  this 
purpose.  The  electrical  machinery  was  standard  and  could  be 
furnished  in  open  market  provided  only  that  it  was  in  stock. 
The  following  were  the  conditions  of  service  proposed  for  the 
pumps : 

Pumping  capacity 1  400  g.p.m. 

Static  delivery  head 178  ft. 

Suction  lift 20  ft. 

Friction  through  50  ft.  of  suction  pipe,  inckiding  elbows  and 

foot  valve 2  ft. 

Total  dynamic  head 200  ft. 

Current  available,  11  000  volts,  3-phase,  60-cycle. 

Proposals  for  furnishing  the  pumping  machinery  were  received 
from  five  well-known  and  reputable  concerns,  the  prices  varying 
from  $650  to  .$1  164.     After  careful  consideration  of  the  figures, 
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taking  into  account  the  time  in  which  the  pumps  could  l>e  finished 
and  the  abihty  of  the  phmt  to  meet  the  requirements  without 
change  or  delay,  the  purchase  was  made  from  the  Alberger  Pump 
&  Condenser  Company,  who  guaranteed  a  pump  efficienc}'  of  not 
less  than  70  per  cent,  operating  at  full  load  speed  of  a  1  200  r.p.m. 
synchronous  speed,  60-cycle  induction  motor  transmitting  100 
lirake  horse-power  to  the  pump  shaft.  This  concern  also  agreed 
to  ship  one  unit  within  three  weeks  of  the  date  of  order  and  the 
second  unit  a  week  later.  In  order  that  there  might  be  no  delay 
in  having  the  plant  ready  for  service,  a  contract  was  also  made 
with  the  pump  company  to  furnish  the  motors,  subject,  howfever, 
to  withdrawal  of  this  portion  of  the  order  within  two  weeks  if 
water  conditions  were  such  that  work  on  the  pumps  could  be 
suspended. 

The  pumps  furnished  were  two  10-in.  Alberger  Tj^pe  ''  v  " 
turbine  pumps,  having  cast-iron  casings,  bronze  impellers,  bronze 
diffusion  vanes,  and  bronze-covered  steel  shaft  where  in  contact 
with  the  water,  mounted  upon  common  extended  cast-iron  base 
plates  and  direct  connected  to  the  motors  with  flexible  couplings. 

The  motors  were  two  100  h.p.  General  Electric,  Form  K, 
1  200  r.p.m.  synchronous  speed,  2  200-volt,  3-phase,  60-cycle, 
squirrel-cage  induction  motors,  complete,  wdth  hand-starting 
compensators  and  necessary  potential  transformers.  Besides 
this  the  pump  company  furnished  two  Crane  Fig.  547,  12-m. 
to  10-in.  cast-iron  reducers  and  two  Crane  Fig.  395,  12-in.  com- 
bination foot  valves  and  strainers. 

For  the  erection  of  the  temporary  station  and  the  installation 
of  the  machinery  furnished  by  the  Board,  a  contract  was  made  with 
Fred  T.  Ley  &  Co.,  Inc.,  of  Springfield,  Mass. 

The  current  available  from  the  power  line  passing  the  pumping 
station  was  11  000  volts,  which  it  was  necessary  to  step  down  for 
use  with  the  motors  installed.  After  consideration  of  cost  and 
availability,  should  another  pumping  unit  be  required,  it  seemed 
desirable  to  install  transformers  with  capacity  sufficient  to  handle 
the  power  required  for  a  third  jiump. 

Ground  was  broken  at  the  station  on  December  2,  1914,  and  the 
work  proceeded  rapidly  until  about  January  1,  when,  on  account 
of  heavy  rains  and  flood,  temporary  suspension  was  necessary. 
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These  same  rains  and  floods,  however,  caused  considerable  in- 
crease in  the  reservoir  storage,  and,  while  the  danger  of  water 
famine  was  by  no  means  past,  the  necessity  of  extreme  haste  was 
eliminated.  A  period  of  very  cold  weather  now  set  in,  which 
made  outside  work  difficult  and  expensive.  Under  these  con- 
ditions, as  the  work  was  being  done  on  a  cost  basis,  it  seemed  wise 
to  suspend  operations  until  a  more  convenient  season. 

By  the  middle  of  February,  1915,  the  construction  and  instal- 
lation work  being  completed,  the  Alberger  Company  were  noti- 
fied that  the  pumps  were  ready  for  inspection  by  their  erecting 
man,  previous  to  running  the  acceptance  test.  The  first  test 
was  made  of  both  pumps  February  21,  and  neither  came  up  to 
the  requirements  of  the  guarantee,  due  to  priming  troubles,  elec- 
trical starting  apparatus,  and  a  hot  bearing  on  one  pump.  On 
March  12  a  second  test  was  run,  and  the  north  pump  made  a 
satisfactory  showing,  giving  at  200-ft.  dynamic  head  a  discharge 
of  2.14  m.g.d.,  with  an  efficiency  of  74.5  per  cent. 

A  preliminaiy  trial  of  the  south  pump  indicated  clearly  that 
something  was  wrong.  This  pump  was  taken  apart  and  a  chip 
of  wood  6  in.  X  2j  in.  X  1|  in.  and  a  piece  of  coke  about  6  in.  long 
and  about  1  in.  square  were  found  in  the  impeller.  As  this  was 
thought  by  the  pump  engineer  to  have  caused  the  trouble,  no 
further  search  was  made.  On  another  test,  however,  the  pump 
still  failed  to  come  up  to  the  guarantee,  although  the  performance 
was  much  more  satisfactory.  Again  the  pump  was  taken  down 
and  an  aluminum  bronze  bushing  was  found  either  too  tight  in 
the  shaft  or  else  defective.  A  final  and  satisfactory  test  of  this 
pump  was  made  on  March  29.  At  200-ft.  total  head,  the  dis- 
charge was  2.03  m.g.d.  with  an  efficiency  of  72.6  per  cent.  (See 
Table  1.) 

There  seem  to  be  at  least  two  lessons  to  be  drawn  from  these 
testing  perfonnances :  First,  acceptance  tests  should  invariably 
be  made  in  place  and  under  as  nearly  as  possible  working  condi- 
tions. Shop  tests  furnish  interesting  and  valuable  information 
but  are  made  under  such  different  conditions  from  those  under 
which  the  pump  is  to  work  that  the  results  can  hardly  be  compared. 
Manufacturers'  guarantees,  no  matter  how  reliable  the  firm  or 
how  honest  the  intent  to  meet  requirements,  should  not  be  taken 
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without  verification.  Second,  no  matter  what  the  pump  salesman 
asserts,  centrifugal  pumps  for  special  service,  or  unless  designed 
for  the  purpose,  do  not  have  the  alleged  digestive  capacity  of  the 
ostrich.     As  for  these  particular  pumps,  the  makers  did  everything 


Fig.  1. 
Test  of  Centrifugal  Pump,  Farmington  River  Station,  March  29,  191.5. 
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in  their  power  to  live  up  to  their  guarantee,  and  after  being  whipped 
into  shape  these  pumj^s  are,  I  beheve,  most  capable  of  satisfac- 
torily fulfillin*!  their  pui'pose. 


Fig.  2. 
Test  of  Centrifuoat.  Pimi',  FAKMiNfiTOX  River  Station,  March  29,  1915. 
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The  pumps  were  tested  l)y  discharging  through  the  riser  branch 
left  in  the  discharge  main  for  the  third  pump  when  installed. 
A  10-in.  gate  was  strapped  on  to  this  branch,  into  which  was 
leaded  a  quarter-turn  facing  southerly;  a  10-in.  by  16-in.  re- 
ducer was  put  into  this,  ^nd  from  here  several  lengths  of  16-in. 
pipe  were  carried  out  through  the  building  to  a  wooden  flume. 
A  quarter-turn  on  the  end  made  the  discharge  take  place  at  the 
bottom  of  the  flume,  and  several  baffle  plates  and  a  wooden  par- 
tition bored  full  of  holes*  destroyed  all  velocity  of  approach  to  a 
standard  thin-edged  weir  without  end  contractions.  The  crest 
of  this  weir  was  3  ft.  long  and  placed  2  ft.  above  the  bottom  of  the 
flume.  Heights  on  the  weir  were  read  on  a  scale  placed  along- 
side a  gage  glass.  This  was  connected  to  a  pipe  with  several 
holes  in  it,  that  extended  across  the  bottom  of  the  flume,  ^^arying 
heads  for  testing  were  obtained  by  throttling  the  10-in.  gate  on 
the  discharge  main.  The  log  of  the  test  of  the  south  pump 
is  given  above  in  Table  1.  The  diagram  Fig.  1  shows  graphically 
the  relation  of  the  test  conditions,  and  the  diagram  Fig.  2  shows 
comparative  efficiency  relations.  The  efficiency  given  for  the 
Hartford  Water  Works  pump  and  plant  tests  is  based  on  motor 
efficiency  given  by  the  makers.  As  the  motors  were  standard 
apparatus,  there  seems  little  question  but  that  this  efficiency  is 
substantially  correct. 

Cost. 

Emergency  Water  Supply,  Farmington  River  Station. 

Land $500.00 

Temporary  pumping  station 6  060.91 

Gatehouse  screens 23.06 

Pumps  and  motors 3  260.00 

Foot  valves,  strainers,  and  reducers 120.00 

Team  hire 15.00 

Pipe  and  fittings  purchased 563.43 

Pipe  and  fittings  from  stock 171.92 

Transformers  and  switches 2  131.12 

Inspection  of  pipe  and  fittings 3.40 

In.spection  of  pumps 15.53 

Bolts  and  gaskets 39.64 

Valves 252.50 

Rods  for  holding  curves 29  35 
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Corrugated  iron  for  fence $23.40 

Lumber  for  flume 29.01 

Pipe  fittings 2.5.5 

Vacuum  gage  and  repairing  same 3.50 

Barbed  wire 2.04 

Hose  washer;? .10 

Leather  packing .... 

Turbine  oil 3.25 

Hand  bellows 1.25 

Speed  counter 3.00 

Hasp .25 

Electrical  supplies 9.99 

Repairing  vacuum  gage 1..50 

Signboards .  20.14 

Lunches  at  pump  tests 28.00 

Payrolls  —  pump  tests 123.50 

Current  for  pump  tests 41.80 

Packing  tools 2.25 

Drills  and  tap .75 

Paint  and  brushes 11.70 


Total $13  493.84 

Throttling  Gates. 

The  water  supply  of  the  city  is  brought  to  the  distribution 
system  through  three  supply  mains,  one  30-in.  line  entering  the 
southwest  part  through  Park  Street,  and- two  20-in.  lines  entering 
the  central  part  through  Farmington  and  Asylum  avenues.  Or- 
dinarily the  pressure  at  City  Hall  varies  from  a  minimum  of 
58  to  60  lb.  from  7  to  10  a.m.,  to  a  maximum  of  about  72  lb.  be- 
tween midnight  and  4  a.m.,  the  respective  rates  for  draft  at  these 
periods  being  14.65  and  4.8  m.g.d. 

Because  of  the  fact  that  the  discharge  of  water  is  dependent 
on  the  head  or  pressure  forcing  it  through  an  opening,  it  goes 
without  saying  that  if  the  ]:)ressure  is  reduced  the  discharge  also 
falls  off.  What  the  relation  may  be  depends  upon  local  conditions 
which  are  not  material  to  this  discussion.  During  the  scarcity 
of  water  which  has  been  mentioned  above,  many  means  for  con- 
serving the  supply  were  tried,  and  among  others  the  methotl  of 
reducing  pressure  in  the  distribution  mains  by  throttling  of  gates 
in  the  supply  mains.     This  method  was  tried  in  Hartford  two 
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years  ago  and  resulted  in  a  saving  of  al)out  300  000  gal.  per  day, 
estimated  from  the  Venturi  meter  record  at  the  effluent  gatehouse. 
Because  of  the  importance  of  this  matter  and  its  relation  to  fire 
protection,  four  old  and  reliable  employees,  whose  regular  work 
was  the  maintenance  and  repair  of  the  gates,  were  assigned  to 
this  work,  one  of  them  being  the  foreman.  Fire-engine  houses 
conveniently  located  were  chosen  as  stations  for  these  men,  and 
two  were  assigned  to  each  of  two  houses,  one  located  1  600  ft. 
and  the  other  900  ft.  from  the  operated  gates.  From  4  p.m.  to 
5  A.M.  the  endeavor  was  made  to  hold  the  pressure  in  the  city  a 
few  pounds  above  that  registered  during  the  period  of  maximum 
draft  and  consequently  least  pressure.  It  was  assumed  that  any 
industry  having  sufficient  pressure  during  the  forenoon  would 
not  be  seriously  inconvenienced  if  the  same  pressure  were  main- 
tained at  night.  That  this  was  correct  was  evident  by  the  fact 
that  no  complaints  of  any  kind  were  made  by  consumers. 

By  careful  comparison,  the  difference  in  pressure  at  City  Hall 
and  at  one  of  the  engine  houses  (No.  12)  was  ascertained.  A  re- 
cording pressure  gage  was  installed  at  the  latter  place  and,  by 
operating  a  20-in.  gate  in  Farmington  Avenue,  the  pressure  gage 
at  the  engine  house  was  kept  at  such  a  point  that  the  City  Hall 
gage  recorded  a  pressure  a  little  higher  than  that  shown  during 
the  period  from  7  to  10  a.m.  In  order  to  accomplish  this  result, 
the  foreman  or  helper  stationed  at  Engine  House  No.  12  con- 
stantly watched  the  pressure  gage  after  the  main  gate  was  closed 
until  al)out  midnight.  During  the  evening,  on  account  of  grad- 
ually decreasing  consumption,  the  pressure  rises  and  the  gate 
was  throttled  down  little  by  little  as  was  necessary  to  maintain 
the  desired  reading. 

The  operated  gates  have  the  following  characteristics: 

30-in.  gate  in  Park  Street  requires  243  turns  to  open  wide. 
S20-in.  gate  in  Farmington  Avenue  requires  52  turns  to  open  wide. 
N20-in.  gate  in  Farmington  Avenue  requires  64  turns  to  open  wide. 

There  is  a  6-in.  by-pass  around  the  30-in.  gate.  Under  ordinary^ 
procedure  the  gates  are  operated  as  follows: 

30-in.  gate  in  Park  Street  closed  completely  at  4  p.m. 
6-in.  by-pass  open  all  of  the  time. 
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X20-in.  gate  in  Farmington  Avenue  closed  52  turns  at  G.30  p.m. 
S20-in.  gate  in  Farmington  Avenue  closed  45  turns  at  -4  p.m. 

47  turns  at  5  p.m. 

49  turns  at  6  p.m. 
Completely  closed  at  6.30  p.m. 

And  this  pressure  held  constant  by  manipulation  of  this  gate 
during  the  evening.  At  about  midnight,  on  account  of  practi- 
cally constant  draft  until  6  a.m.,  no  additional  attention  was 
usually  recjuired.  All  three  gates  were  opened  at  about  5.15  a.m. 
The  four  men  assigned  to  this  work  from  midnight  to  5  a.m.  slept 
at  the  engine  houses  under  the  same  conditions  as  the  firemen, 
with  similar  arrangements  of  clothing  for  quick  dressing  and  get- 
away. Close  check  could  be  kept  on  the  conduct  of  these  men 
from  inspection  of  the  autographic  chart  records  on  gages  located 
at  City  Hall  and  at  Engine  Houses  3,  12,  and  15.  From  compari- 
sons of  official  fire  alarm  time  and  the  chart  records,  it  was  found 
that  it  took  from  one  to  two  minutes  for  the  men  located  at  the 
stations  to  get  to  the  gates,  and  from  two  to  three  minutes  to  get 
on  full  pressure.  During  the  actual  throttling  period  (about 
twelve  hours)  it  appeared  that  the  actual  reduction  in  draft  was 
at  a  rate  pf  about  600  000  gal.  per  day.  Of  this  it  was  estimated 
—  and  subsequent  investigation  confirmed  the  computation  —  that 
3.75  m.g.d.  passed  through  the  6-in.  by-pass  on  Park  Street  and 
the  remainder  through  the  throttled  20-in.  gate  on  Farmington 
Avenue.  It  thus  appeared  that  the  entire  city  was  getting  proper 
proportion  of  the  supply  and  that  a  sudden  draft  in  any  section 
would  be  quickh^  met. 

The  insurance  people  are  interested,  and  properly  so,  in  the 
maintenance  of  an  adequate  supply  for  sprinkler  systems.  So 
far  as  pressure  was  concerned,  that  during  the  throttling  period 
was  from  4  to  6  lb.  higher  than  that  during  the  forenoon  hours 
of  each  day. 

Under  conditions  of  piping  approved  by  the  Associated  Factory 
Mutual  Fire  Insurance  Companies,  50  sprinkler  heads  in  the  top 
of  a  four-story  building  are  satisfactorily  served  when  there  is 
available  an  average  discharge  for  each  equivalent:  to  about  12.9 
gal.  per  minute  when  all  are  discharging  at  once.  This  condition 
will  occur  with  a  street  pressure  of  about  55  lb.  per  square  inch 
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and  a  pressure  of  20  lb.  per  square  inch  at  the  top  of  the  riser. 
Under  this  condition  a  floor  space  of  about  100  ft.  by  50'  ft.  would 
be  covered  with  a  total  discharge  of  about  645  gal.  per  minute. 

As  a  part  of  the  fire  protection  system,  all  factories  maintain 
watchmen,  and  the  noise  of  running  water  even  from  one  or  two 
sprinkler  heads  should  he  quickly  noticed  and  investigated. 
With  any  adequate  system  of  patrol,  long  before  any  large  number 
of  sprinkler  heads  let  go,  an  alarm  would  be  rung  in  and  the  gates 
fully  opened  to  provide  for  a  large  fire  draft. 

Before  entering  on  this  work  several  computations  were  made 
as  to  the  effect  of  a  sudden  increase  in  consumption  with  the  gates 
throttled,  and  it  appeared  that  a  sudden  draft  of  550  gal.  per 
minute  would  cause  a  drop  of  from  four  to  five  pounds.  The 
results  so  obtained  were  roughly  checked  by  observation  of  not 
dissimilar  conditions  that  obtained  when  a  locomotive  filled  its 
tank  at  the  railroad  station.  This  latter  matter  has  been  brought 
before  the  Association  *  in  reference  to  the  water  ram  effect  of  these 
sudden  large  drafts  on  the  pipe  system.  Since  then,  and  in  con- 
nection with  the  matter  of  gate  throttling,  additional  observations 
were  made  with  the  following  results: 


Time. 

Train  No. 

Standpipe. 

Total 
Draft. 
Cu.  Ft. 

Length  of  Draft. 

Rate  of 

Draft. 

c.f.p.m. 

g.p.m. 

9.10  P.M. 
11.14  P.M. 

11.33  P.M. 

64 

Dinkej' 

66 

Church  St. 
Asylum  St. 
Church  St. 

506 
218 
491 

2  min.  12  sec. 

1  min.  15  sec. 

2  min.    9  sec. 

230 
175 

228 

1720 
1  305 
1710 

The  first  and  last  of  these  rates  is  over  three  times  that  of  the 
sprinkler  requirements  stated  above. 

From  study  of  the  drops  on  the  pressure  charts  due  to  these 
and  other  similar  drafts,  it  appears  likely  that  a  sudden  draft  at 
a  rate  of  1  600  gal.  per  minute  causes  a  drop  of  about  11  lb.;  and 
one  of  1  300  gal.  per  minute,  a  drop  of  about  9  lb.  per  square  inch 
in  the  Hartford  system. 

On  account  of  the  importance  of  this  matter,  however,  and  in 
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order  to  have  independent  confirmation,  a  test  was  run  at  the 
pipe  yard  after  midnight,  and  unknown  to  the  men  on  the  gates. 
A  discharge  at  a  rate  of  560  gal.  per  minute  was  run  through  a 
4-in.  Crest  meter  and  maintained  at  this  rate  for  about  fifteen 
minutes.  Pressures  at  the  time  of  this  test  were  observed  on  the 
gage  located  at  City  Hall.  The  resultant  drop  was  about  five 
lb.  per  square  inch.  This  seemed  to  indicate  clearly  that  if  a 
large  number  of  sprinkler  heads  let  go  at  once  the  drop  in  pressure 
would  not  be  much  in  excess  of  5  lb.  before  a  fire  alarm  could  be 
turned  in  and  the  gates  on  the  supply  lines  opened. 

But  possibly  some  one  will  say  the  tests  show  up  well  and 
probably  would  work  out  in  practice,  still  it  would  be  more  satis- 
factory to  have  a  practical  demonstration.  It  was  furnished  under 
most  adverse  circumstances  at  a  fire  the  morning  of  Deceml)er  13, 
1912,  about  500  ft.  from  fire  station.  Fire  was  discovered  in  a 
hay  and  grain  storehouse  in  one  of  the  congested  parts  of  the  city. 
Two  alarms,  10  pieces  of  apparatus,  and  8  streams  were  required. 
The  pressure  chart  shows  that  there  was  full  pressure  available 
in  the  mains  when  wanted.  It  is  also  shown  that  the  pressure 
was  reduced  about  10  lb.  at  3  p.m.,  gates  opened  at  about  7.30 
A.M.  and  12.30  a.m.  for  previous  alarms,  and  in  each  case  closed 
down  after  the  all-out  signal.  The  fire  was  located  not  far  from 
a  gage  station,  and  the  pulsations  of  the  streams  are  very  plainl\' 
shown  on  the  chart,  as  is  also  the  withdrawal  of  several  of  them  a 
little  after  3  a.m. 

Regarding  the  conservation  of  water  from  reduction  of  pressure, 
it  is  understood  that  this  method  has  been  in  use  on  the  Brooklyn, 
N.  Y.,  supply  for  many  years  with  no  trouble.  Also  that  as  a 
result  of  an  experiment  in  cutting  down  night  pressure  in  Phila- 
delphia, a  saving  of  five  million  gallons  per  day  was  recorded  with- 
out inconvenience  to  residents. 

old;cast-iron  pipe. 

Ground  was  broken  for  the  Hartford  Water  Works  in  1854,  some 
of  the  pipes  laid  in  that  year  are  in  use,  and  about  15  miles  of  pipe 
laid  between  1854  and  1861  are  still  in  service. 
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Old  Cast-Iron  Pipes  in  Service,  1915,  Hartford  Water  Works. 


Length  in 

Feet. 

Year 
Laid. 

3-in. 

4-in. 

6-in. 

8-iii. 

10-in. 

12-in. 

16-in. 

TotaL 

1854 

1921 

2  326 

1060 

5  307 

1855 

3  071 

1945 

2  525 

2  361 

6  864 

16  766 

1856 

442 

193 

13  852 

4  113 

1072 

19  672 

1857 

1220 

13  479 

6  238 

457 

21394 

1858 

811 

780 

1591 

1859 

3  351 

4  882 

8  233 

1860 

2  177 

2  177 

1861 

3  438 

3  438 

Total 

442 

5  575 

43  600 

14  622 

4  054 

3  421 

6  864 

78  578 

Wrought-iron,  cement-coated  mains  came  into  vogue  in  1863 
on  account  of  the  comparatively  low  cost,  and  for  a  number  of 
years  no  cast-iron  pipe  was  laid  in  Hartford.  Owing  to  its  greater 
reliability,  cast-iron  gradually  replaced  the  cement-lined  pipe, 
and  only  a  comparatively  little  of  this  latter  pipe  is  now  in  use 
in  the  city.  It  is  interesting  to  note  that  probably  the  most  of 
the  old  cast-iron  pipe  is  uncoated  and  was  cast  in  a  horizontal 
position  instead  of  vertically  as  at  present. 

During  the  past  year,  new  pipe  has  been  laid  in  many  streets 
formerly  served  by  pipes  laid  rtiany  years  ago.  This  action  has 
been  taken  not  because  intrinsically  the  pipe  had  worn  out  or 
become  useless,  but  solely  because  the  community  served  is  now 
a  populous  city  district  rather  than  a  sparsely  settled  suburb. 
The  iron  in  this  old  pipe  was  of  excellent  quality,  and,  except  for 
the  cost  of  salvage,  it  might  well  have  been  used  elsewhere.  The 
cost  of  removing  these  pipes,  however,  is  usually  found  to  exceed 
their  value  on  account  of  other  underground  structures,  street 
railway  tracks,  and  improved  street  surfacing,  to  say  nothing  of 
the  often  very  erratic  alignment  of  the  old  layout.  Some  of  the 
pipe  is  badly  tuberculated  and  other  partly  filled  with  sediment, 
but  if  the  pipe  had  not  been  too  small  for  modern  requirements  in 
this  district,  it  propably  would  have  paid  to  clean  it.  So  far  as 
permanency  goes,  all  of  this  pipe  shows  that  cast  iron  is  an  ideal 
material  for  water  pipes   and  that  up  to   the  present   time  no 
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Other  substance  has  been  found  from  which  generally  such 
satisfactory  results  can  be  obtained.  There  are  three  principal 
features  to  be  considered  in  selecting  water  pipes  —  permanency, 
carrying  capacity,  and  cost.  Fifty-five  to  sixty  years'  service, 
and  a  condition  such  that  life  ahead  cannot  be  estimated,  certainly 
meets  the  first  requirement .  Well-laid  clean  or  cleaned  cast-iron 
pipes  have  a  carrying  capacity  not  greatly  inferior  to  that  of  any 
other  materials  that  have  been  used,  and,  if  capitalized  cost  based 
on  longevity  of  service  is  taken  as  a  criterion,  it  appears  that  all 
these  requirements  for  water  pipes  have  been  met. 

So  far  as  possible,  when  these  old  pipes  are  replaced,  an  en- 
deavor is  made  to  get  some  idea  of  their  condition  and  capacity. 
The  condition  is  obtained  from  an  inspection  of  sections  cut  from 
the  main.  The  capacity  is  found  by  discharge  tests.  In  these 
tests  the  quantity  is  obtained  either  by  using  a  meter  or  by  pitom- 
eter,  pressure  gages  placed  near  the  inlet  and  outlet  ends  of  the 
pipe  giving  fair  information  regarding  friction  losses  under  vary- 
ing conditions  of  flow. 

Meters  of  standard  makes  are  used  on  the  tests,  and  these  are 
tested  before  and  after.  The  gages  are  6-in.  Crosby  Standard 
Test  Gages,  graduated  in  pounds  per  square  inch  from  0  to  120 
with  corresponding  heights  of  water  in  feet  from  0  to  277.  These 
gages  are  tested  on  an  oil  testing  machine  before  and  after  using, 
in  the  position  as  used  on  the  pipe  test,  and  proper  corrections 
made  for  error  in  registration  due  to  this  cause.  Below  are  given 
summaries  of  the  tests  of  several  pipe  lines  which  had  been  in 
actual  use  for  a  considerable  period. 


Street. 

Size. 

Length. 
Feet. 

Age. 
Years. 

Inspection 
Number. 

1. 

Kennedy  Street 

4-in. 

670 

57 

D-328 

2. 

Wooster  Street 

4-in. 
6-in. 

962 

1280 

5S 
41 

D-330 

3. 

New  Park  Avenue 

D-3o6 

4. 

New  Park  Avenue 

6-in. 

1  126 

13 

D-3.54 

6. 

New  Britain  Avenue .... 

6-in. 

1200 

IS 

D-363 

The  results  of  these  tests  are  plotted  on  Figs.  3,  4,  o  and  6. 

No  discussion  will  be  attempted,  at  this  time,  of  the  problems 
suggested  by  these  tests,  as  it  is  hoped  at  a  later  date  to  have  more 
information   regarding  the   depreciation   in   carrying  capacity  of 
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cast-iron  pipe  after  period  of  service  under  Hartford  conditions. 
In  general,  it  may  be  noted  that  the  curve  derived  from  experi- 
ments follows  closely  the  shape  of  those  plotted  from  the  Hazen- 
WiUiams  formula,  although  they  do  not  agree  as  to  age.  This 
difference  is  probably  due  to  character  of  incrustation  and  other 
impediments  of  local  significance.  It  is  perhaps  of  interest  also 
to  note  that  a  4-in.  pipe  about  fifty-seven  or  fifty-eight  years  old 
has  a  carrying  capacity  equivalent  to  a  smooth  pipe  2|  in.  in 
diameter.  Such  condition  must  necessarily  have  a  bearing  on  the 
matter  of  estimating  present  values  of  pipe  lines  which  have  been 
laid  for  a  number  of  years.  The  worth  of  a  distribution  system 
consisting  of  cast-iron  mains  should  be  based  on  consideration 
of  adequate  size,  interior  condition  and  salvage  value  of  the  pipes, 
with  little  or  no  account  being  made  of  actual  depreciation  of  the 
pipes  except  by  electrolysis  or  other  special  conditions. 

Testing  Distribution  Mains. 

During  the  past  three  months  opportunity  has,  been  had  to 
test  ten  sections  of  new  main  pipe  aggregating  nearly  two  miles 
in  length.  This  pipe  was  laid  in  city  streets  by  the  regular  main- 
tenance force  of  the  department.  The  results  are  tabulated  on  the 
following  page. 

No  definite  criterion  was  set  for  this  work,  but  the  results  ob- 
tained last  year  from  testing  7|  miles  of  42-rn.  cast-iron  pipe 
of  the  Nepaug  supply  main  were  kept  in  mind.  These  tests  have 
been  referred  to  by  the  writer,*  and  a  tabulation  of  the  results 
and  a  diagram  show  the  conditions  under  which  the  tests  were 
made. 

On  the  basis  of  nominal  diameters,  the  leakage  from  this  line 
under  test  pressure  varying  from  100  to  125  lb.  per  square  inch 
was  at  an  average  rate  of  0.695  gal.  per  twenty-four  hours  per 
linear  foot  of  pipe  joint.  It  is  considerable  of  a  conicidence  to 
note  that  the  average  leakage  per  hnear  foot  of  pipe  joint  for 
twenty-four  hours  given  for  the  ten  sections  of  distribution  pipe 
tabulated  above  is  also  practically  the  same. 

In  the  specifications  for  the  construction  of  the  Nepaug  Pipe 
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Line,  the  section  concerning  testing  read  in  part,  "  The  pipe  shall 
be  tested  .  .  .  under  a  static  pressure  corresponding  to  a  water 
level  everywhere  of  at  least  100  ft.  above  the  hydraulic  grade  line 
shown  on  the  contract  drawings.  .  .  .  The  entire  leakage  of 
any  section  .  .  .  shall  not  exceed  a  rate  of  2  gal.  in  twenty-four 
hours  per  linear  foot  of  pipe  joint,  the  length  of  joint  to  be  figured 
on  the  nominal  interior  diameter  of  the  pipe."  The  amount  here 
given  was  decided  upon  only  after  careful  consideration  of  the 
results  of  tests  elsewhere,  and  the  intention  was  to  set  such  a  limit 
that,  on  the  one  hand,  excessive  joint  leakage  would  be  guarded 
against,  and  on  the  other  the  cost  of  the  work  would  not  be  in- 
creased considerably  by  too  severe  requirements.  Observations 
of  working  conditions,  experience  in  testing,  and  the  results 
obtained  from  the  tests  showed  that  the  leakage  allowable  might 
well  have  been  set  at  least  one  half  the  limits  given  without  call- 
ing for  any  special  precaution  or  unusual  care  on  the  part  of  the 
contractor. 

In  his  paper  before  this  Association,  September  9,  1914,  Mr. 
E.  G.  Bradbury  *  proposed  as  a  standard  for  allowable  leakage 
in  cast-iron  water  pipes  an  average  of  100  gal.  per  inch  mile, 
ecjuivalent  to  about  0.8  gal.  per  foot  of  lead  joint  for  each  com- 
plete contract  or  district,  with  a  maximum  of  double  this  for  any 
single  test.  The  testing  of  pipes  discussed  in  this  paper  shows 
that  the  proposition  of  Mr.  Bradbury  would  set  requirements 
well,  within  the  results  which  were  obtained. 

In  the  tabulation  and  elsewhere,  results  are  given  in  terms  of 
linear  foot  of  pipe  joint,  which  seems  to  be  the  most  logical  unit. 
Nominally,  pipe  joints  are  12  ft.  apart;  practically,  they  are  seldom 
or  never  this  distance.  For  example,  on  the  7^  miles  of  42-in. 
pipe,  the  average  lajdng  length  between  joints  was  11.75  ft.  On 
the  section  of  distribution  pipe  given  in  the  table,  the  laying  length 
has  varied  from  10.8  ft.  to  12  ft.  If  there  are  many  specials  or 
cut  pipe,  the  laying  length  may  be  reduced  considerably  below 
that  given  above.  As  the  unit  —  "  inch  diameter  per  mile  of 
pipe  "  —  must  be  deduced  from  the  length  of  pipe  joints  actually 
exposed  to  leakage,  the  actual  number  of  joints  makes  consider- 
able difference  in  the  result.     Besides  this,  in  almost  every  line 
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there  arc  branches  and  connections  having  various  sized  joints 
differing  from  those  on  the  main  Hne.  These  must  be  considered 
in  getting  a  unit  for  expressing  leakage.  All  of  these  conditions 
readily  fall  in  with  "  leakage  per  linear  foot  of  joint,"  and  for 
this  reason  that  unit  is  considered  to  be  well  adapted  for  the  pur- 
pose of  comparing  leakage  for  different  pipe  lines. 

In  running  tests  on  distribution  mains,  sections  between  gates 
are  ordinarily  taken.  The  intention  is  to  apply  about  40  lb.  pres- 
sure to  the  section  under  test  in  excess  of  that  which  ordinarily  is 
to  be  expected.  Wherever  possible,  the  section  is  subjected  to 
several  different  pressure  heads  during  the  test,  with  the  intention 
of  obtaining  data  as  to  the  character  of  the  leakage.  While  the 
information  is  not  yet  complete,  the  indication  is  that,  with  no 
gates  or  corporations  open  or  joints  blown  out,  the  loss  of  water, 
as  might  be  expected  with  thin  openings,  varies  nearly  directly 
with  the  pressure.  With  this  in  mind  it  is  possible  to  make  very 
reliable  deductions  as  to  the  kind  of  leak  to  look  for  when  an 
excessive  draft  is  shown  in  the  test. 

The  apparatus  used  in  testing  is  the  ordinary  force  pump  for 
clearing  obstructions  from  service  pipes.  Usually  the  pump  is 
a  single  cylinder,  hand-operated  force  pump,  two  inches  diameter 
piston  and  four-inch  stroke  operating  from  a  small  tub.  The 
capacity  of  this  pump  under  100  lb.  pressure  has  been  found  to 
be  about  2  gal.  per  minute.  The  quantity  passing  the  pump  is 
measured  by  an  ordinary  meter  of  small  size.  The  cost  of  test- 
ing, including  all  labor,  material,  and  supervision,  has  averaged 
about  S6  per  test.  On  the  Nepaug  pipe  line,  where  conditions 
were  somewhat  different,  the  cost  of  the  work  was  about  four 
cents  per  linear  foot  of  pipe,  or  $200  per  section  tested.  In  this 
case  a  steam  pump  was  necessary  to  fill  the  pipe,  and  the  cost 
included  the  setting  up  and  operation  of  this  plant  and  often- 
times also  the  laying  of  long  lines  of  small  size  pipe. 

Foundry  Rejections  of  Cast-Iron  Pipe. 

During  the  past  four  years  the  Hartford  Water  Department 
has  purchased  about  16  750  tons  of  cast-iron  water  pipe.  Of  this, 
10  886  tons  was  42  in.  in  diameter  for  the  Nepaug  pipe  line  and 
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5  864  tons  of  sizes  varying  from  4  to  24  in.  in  diameter  for  ordi- 
nary needs  of  the  distribution  system. 

Inspection  is  paid  for  at  a  rate  per  ton  of  pipe  actually  inspected, 
whether  or  not  accepted  on  the  order.  Table  3  gives  data 
concerning  the  amount  of  pipe  inspected,  purchased,  and  rejected 
on  the  smaller-sized  pipes  for  the  distribution  system,  the  maxi- 
mum rejection  being  61.9  per  cent.,  and  the  minimum,  3.2  percent. 
In  the  total  it  appears  that  there  was  an  average  of  about  11  per 
cent,  of  rejections;  or,  in  other  words,  for  every  ton  of  pipe  accepted, 
1.124  tons  were  inspected.  If  the  inspection  charge  was  25  cents 
per  ton,  this  would  mean  an  actual  cost  of  about  28  cents  per  ton 
for  the  net  quantity  purchased.  The  causes  of  these  rejections 
are,  of  course,  oftentimes  unavoidable,  but  an  inspection  of 
Table  4  will  show  that  probabl}'  careless  foundry  methods  are 
responsible  for  a  large  part  of  this  trouble.  Since  this  matter 
has  been  in  my  mind,  I  have  been  watching  the  reports  from  the 
various  foundries  from  which  we  have  purchased  pipe  and  I  find 
that  there  is  considerable  difference  in  the  amount  and  character 
of  the  rejections.  This  being  the  case,  the  conclusion  seems 
obvious  that,  as  stated  above,  carelessness,  lack  of  skilled  help, 
and  improper  iron  mixture  are  responsible,  in  part  at  least,  for 
a  large  number  of  rejections.  If  this  is  so,  a  method  of  correction, 
perhaps,  would  be  to  set  a  limit  to  the  total  amount  of  rejections 
that  would  be  allowed  and  deduct  from  the  pipe  bill  the  amounts 
of  the  inspector's  charge  in  excess  of  this  amount.  As  a  question 
for  discussion,  I  would  suggest  10  per  cent,  as  the  maximum 
amount  of  rejections  to  be  paid  for  by  the  purchaser,  amounts 
in  excess  of  this  to  be  borne  by  the  foundry.  An  alternative 
of  this  suggestion  might  be  to  allow  the  foundry  to  submit  only 
such  pipe  as  they  choose  for  inspection,  and  then  to  charge 
against  the  foundry  all  cost  of  inspection  in  excess  of,  say,  5  per 
cent.  The  reason  for  setting  10  per  cent,  as  the  limit  was  reached 
after  study  of  the  percentages  from  the  several  foundries.  It  was 
found  that  about  3  000  tons,  or  45  per  cent,  of  the  total  inspection 
shown  in  Table  3,  varying  in  sizes  from  4  to  20  in.  in  diameter, 
was  furnished  by  one  company.  Of  this  amount  of  pipe,  75  per 
cent,  was  passed  with  7.5  per  cent,  or  less  rejections,  and  33  per 
cent,  with  less  than  5  per  cent,  rejections.     Some  such  action  as 
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TABLE  3. 

Inspection  of  Cast-Iron  Pipe  and  Special  Castings, 

Hartford  Water  Works. 

(Class  E,  N.  E.  W.  W.  Specifications.) 
1912-1915  inclusive. 


Size. 
Inches. 


Quantity  in  Tons. 


Inspected. 


Accepted. 


Rejected. 


Per  Cent. 
Rejected. 


Tons  Inspected 

for  Each  Ton 

Accepted. 


Straight  Pipe. 

4 

141.92 

111.69 

30.23 

21.3 

1.213 

4 

16.37 

6.22 

10.15 

61.9 

2.631 

4 

23.52 

20.85 

2.67 

11.2 

1.123 

6 

17.39 

14.58 

2.81 

16.2 

1.192 

6 

162.80 

140.35 

22.45 

13.8 

1.160 

6 

47.54 

39.35 

8.19 

17.2 

1.208 

6 

22.11 

17.18 

4.93 

22.4 

1.287 

6 

20.52 

18.54 

1.98 

9.4 

1.109, 

6 

24.23 

20.16 

4.07 

17.0 

1.201 

6 

26.34 

21.79 

4.55 

17.5 

1.208 

8 

89.46 

71.71 

17.75 

19.8 

1.248 

8 

357.71 

320.97 

36.74 

10.3 

1.114 

8 

116.88 

98.42 

18.46 

15.8 

1.188 

8 

300.48 

283.39 

17.09 

5.7 

1.062 

8 

798.36 

744.98 

53.38 

6.7 

1.072 

10 

513.50 

360.16 

153.34 

29.8 

1.425 

10 

419.27 

355.88 

63.39 

15.1 

1.178 

10 

206.09 

190.99 

15.10 

7.5 

1.079 

10 

282.91 

266.25 

16.66 

5.9 

1.064 

10 

41.80 

38.17 

3.63 

8.6 

1.094 

12 

397.76 

334.65 

63.11 

15.8 

1.188 

12 

141.23 

111.69 

29.54 

21.0 

1.261 

12 

632.11 

604.44 

27.67 

4.4 

1.047 

12 

412.89 

379.36 

33.53 

8.3 

1.089 

16 

131.63 

111.85 

19.78 

15.0 

1.176 

16 

84.49 

81.79 

2.70 

3.2 

1.030 

16 

377.43 

364.91 

12.52 

3.3 

1.034 

16 

122.94 

117.70 

5.24 

4.3 

1.045 

20 

284.85 

258.35 

26.50 

9.4 

1.103 

24 

373.92 

357.49' 

16.43 

4.4 

1.046 

Total 

6  588.45 

S 

5  863.86 
pedal  Casting 

724.59 

5. 

11.0 

1.124 

24.84 

19.92 

4.92 

19.7 

1.242 

77.88 

62.29 

15.59 

20.0 

1.256 

137.41 

100.02 

37.39 

27.3 

1.374 

224 


WATER-WORKS   EXPERIENCES   IN    HARTFORD,    CONN, 


TABLE  4. 

FotFNDRY  Rejections. 

March  15,  1915,  to  July  24,  1915. 


12-in.  pipe  inspected,  412.89  tons. 
16-in.  pipe  inspected,  122.06  tons. 
20-in.  pipe  inspected,  284.85  tons. 


4-in.  pipe  inspected,    23.52  tons. 

6-in.  pipe  inspected,    24.23  tons. 

8-in.  pipe  inspected,  798.36  tons. 

10-in.  pipe  inspected,  262.25  tons. 

Total  amount  of  pipe  inspected,  1  928.16  tons. 
Special  castings  inspected,  79.92  tons. 

Pipe  are  Class  C,  and  special  castings  are  Class  D. 


Defect 


6-in. 


8-in. 


20-in. 


Specials 


Bead  bad 

Bead  broken.  . 
Bead  raised . . . 

Bell  bad 

Bell  dirty 

Blistered 

Blowed 

Blow  hole.  .  .  . 
Coke  ring  bad 

Core  bad 

Core  blister. . . 

Core  cut 

Core  rake .... 

Core  ring 

Core  rough. .  . 
Core  scabs. . . . 
Core  swells. .  . 

Cracked 

Crooked 

Crushed 

Dead  iron  . . . . 

Dirty 

Dirty  b.  face  . 

Dirt  hole 

Head  crushed. 

Head  cut 

I.  ring  bad. . . . 
Iron  inside. . .  . 

Light 

Mold  bad .  .  .  . 

Mold  cut 

Mold  rough. . . 
Mold  scabs. .  . 
Mold  strain. . . 
Poured  short . 

Run  out 

Scabbed 

Socket  bad.  .  . 


1.06 

0.15 

0.44 

0.44 

0.29 

0.63 

0.21 

1.96 
0.13 

0.22 

0.14 

31.19 
2.16 


0.32 
1.56 


3.80 

0.94 

0.32 
0.31 


0.31 

1.47 
0.31 


2.19 


0.45 

5.67 
0.45 

0.88 


0.43 


0.44 
1.33 
0.44 
0.44 
1.31 
0.43 


3.32 
0.57 
0.57 

22.93 
0.57 


0.45 


1.75 


0.88 


0.88 
0.85 


0.88 


5.11 


11.20 


1.26 


2.55 
1.23 


2.57 


0.14 

0.47 

1.18 
1.56 
0.20 


0.11 


0.34 

1.28 
0.26 
0.07 

3.91 


0.15 
1.38 
0.14 
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Defect. 


4-in.         6-in.         8-in.       10-in.       12-in.        16-in.       20-in.     jSpecials 


Socket  cut. .  . 
Socket  short. 
Soft  rammed 

Spawled 

Thin 

Uneven 

Totals .  . 


4.41 

0.44 

1.07 

4.09 

3.95 

1.12 

2.58 

2.67 

4.07 

53.38 

16.66 

33.53 

5.24 

26.50 

0.40 
0.20 
0.15 
1.17 

2.48 


15.59 


Total  amount  of  pipe  inspected,  1  928.16  tons. 
Total  amount  of  pipe  rejected,  142.05  tons. 
Total  amount  of  pipe  purchased,  1  786.11  tons'. 
Percentage  pipe  rejected  of  pipe  purchased,  7.9  per 
cent.  ' 

Ratio  tons  inspected  to  tons  accepted,  1.07:  1.00  tons. 

Note.  —  All  the  above  except  the  4-in.   pipe  werei 
bought  on  contract. 


Special  Castings. 
Tons  inspected,  79.92. 
Tons  rejected,  15.59. 
Tons  purchased,  64.33. 
Pipe    rejected    to    pipe 

inspected,     19.5     per 

cent. 
Tons  inspected  to  tons 

accepted,  1.24  tons. 


this,  I  feel  sure,  would  have  a  tendency  to  result  in  fewer  rejections 
and  a  better  class  of  pipe  in  the  foundries  where  the  present  per- 
centage of  rejection  is  quite  large.  Such  conditions,  as  noted 
above,  indicate  also  the  necessity  of  careful  inspection  at  the 
foundry,  whether  the  pipe  be  cast  on  order  or  taken  from  the  stock 
pile.  This  reference  to  foundry  shortcomings  in  no  way  reflects  on 
cast-iron  pipe  itself,  which  I  believe  to  be  the  best  material  which 
has  been  proposed  thus  far  for  distributing  water.  Neither  do 
these  criticisms  apply  equally  to  all  foundries  and  makers  of 
cast-iron  pipes.  Every  foundry  can  turn  out  first-class  products 
if  so  desired.  Several  of  them  are  ordinarily  supplying  such  a 
high  grade  of  goods  that  competent  purchasers  prefer  to  place 
orders  with  them  without  competition  when  specially  important 
work  is  to  be  undertaken. 

Tables  5,  6,  and  7  apply  to  42-in.  pipes  purchased  for  the 
Nepaug  pipe  line.  Inspection  shows  that  the  rejections  on  this 
purchase  were  ver}^  reasonable  in  amount,  that  percentage  of 
cut  pipe  was  not  excessive,  and  the  variation  in  weight  was  within 
the  limits  stated  in  standard  specifications. 
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TABLE  5. 
Contract  4-A. 

Straight  Specials. 

Pipe.    Tons.  Tons. 

Total  weight  inspected 12  049.27  109.9955 

Total  weight  paid  for 10  885.88  98.1945 

Weight  rejected 1  163.39  11.8010 

Rejection  of  total  cast 9.6  per  cent.  10.7  per  cent. 

Total  number  of  pipes  accepted 3  294 

Total  number  of  pipes  rejected 352 

Per  cent,  rejected 9.6 

TABLE  6. 

Summary  of  Principal  Causes  of  Rejection  of  42-In.   Pipe  for 
Contract  4- A. 

Number  Rejected 
Cause  of  Rejection.  for  This  Cause. 

Mjold  scabs 42 

Core  crushed 36 

Core  buckled 7 

Sand  hole 19 

Shrunk  hole 8 

Shrunk  gate 23 

Uneven  —  light  or  thin 36 

Bad  bell 24 

Bad  bell  face 10 

Bad  bead 17 

Socket  cut 7 

Light 60 

Heavy 1 

Leaked 26 

Miscellaneous 36 

Total 352 


LOSSES    IN    FIRE    HYDRANTS. 

Recently,  two  tests  have  been  made  in  Hartford  to  determine 
the  capacity  of  the  supply  and  distribution  system  under  condi- 
tions of  very  large  draft.  Very  interesting  data  were  obtained, 
some  of  purely  local  application  and  other  of  more  general  inter- 
est. From  this  latter  class  is  taken  the  matter  of  losses  in  fire 
hydrants.     The  hydrant  used  was  a  5-in.  standard  make.     The 
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test  was  run  to  an  extreme  limit  of  discharge.     The  results  ol)- 
tained  do  not  specially  reflect  on  this  type  of  hydrant,  which  our 


F/?£3Si//f£  losses  /v  S '/v/?s  /Yro/^f^r  on  TP^i/msi/u  3r  Opp  Gold.       ^ug  /7.  y^/S 

Fig.  7. 

experience  has  shown  to  be  very  satisfactory,  Ixit  are  given  here 
as  applicable  in  a  greater  or  less  degree  to  most  hydrants  now  on 
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the  market  when  used  under  the  conditions  of  the  test  herein 
described. 

The  data  presented  indicate  what  hmits  of  (Uscharge  and  loss 
of  pressure  may  be  expected  under  a  range  of  draft.  It  is  be- 
lieved that  the  test  was  made  absolutely  under  working  conditions 
of  service,  and  the  data  may  be  taken  as  of  practicable  applica- 
tion without  the  refinements  of  a  testing  laboratory. 

The  data  and  results  are  shown  in  detail  in  Table  8  and  in  Fig. 7. 

A  description  of  the  test  and  the  conditions  under  which  it 
was  made  ma^^  be  very  briefl}^  stated. 

The  hydrant  was  located  in  a  portion  of  the  congested  district, 
and  at  a  point  where  the  ordinary  pressure  is  ciuite  high.  The 
water  drawn  from  the  hydrant  was  discharged  into  the  Park  River 
which  flowed  nearby.  During  the  final  run,  6  hose  streams  were 
in  service,  4  connected  to  the  4-hose  outlets  of  the  hydrant,  and 
2  siamesed  to  the  4^-in.  steamer  outlet.  No  special  preparation 
was  made  for  this  test,  as  the  intention  was  to  get  working  condi- 
tions as  far  as  possible.  The  maintenance  force  of  the  Water 
Department  excavated  the  trench  of  the  hydrant  lateral  which 
had  been  laid  about  two  years  and  tapped  in  gage  connections 
as  shown  on  the  plan  and  elevation  at  the  bottom  of  Fig.  7. 
Mercury  differential  gages  were  used  when  the  differences  in 
pressure  were  rather  small,  and  pressure  gages  when  the  differ- 
ence was  too  large  to  be  read  on  the  mercury  columns.  Mem- 
bers of  the  engineering  staff  affixed  the  gages  and  operated 
them  throughout  the  test.  Fire  department  men  did  all  the 
work  connected  wdth  hose  operation  under  the  personal  direction 
of  the  fire  chief,  whose  interest,  intelligent  cooperation,  and  desin^ 
to  obtain  facts  applicable  to  fire  department  matters  has  been  of 
the  greatest  assistance. 

The  principal  loss  is  in  the  bottom  of  the  hydrant,  starting 
with  an  inappreciable  amount  with  one  hose  stream  of  about 
300  gal.  per  minute  and  reaching  a  loss  of  nearl}^  22  lb.,  or  73.5 
per  cent,  of  the  total,  when  the  discharge  was  3  000  gal.  per  minute. 
The  advantage  of  the  lai-ge  lateral  from  the  main  to  the  hydrant 
is  shown  by  the  small  losses  which  occurred  there,  under  maxi- 
mum flow  the  loss  in  the  branch  and  lateral  being  less  than  5  per 
cent,  of  the  total.     Incidentally,  it  ajipears  that  the  loss  in  a  24 
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by  6  branch  is  about  the  same  as  that  in  30  ft.  of  8-in.  pipe,  there 
being  probably  some  sHght  loss  in  the  8-in.  gate  on  the  lateral. 
The  hydrant  barrel  seems  of  ample  size. 

The  principal  conclusion  to  be  drawn  from  this  test  seems  to 
be  that  the  water-way  at  the  base  of  the  hydrant  should  be  of 
more  ample  proportion,  devoid  of  obstructions  so  far  as  possible 
in  the  matter  of  valves  and  stems  and  provided  with  smooth, 
easy  passage  for  changing  the  direction  of  the  incoming  water. 
It  seems  desirable  to  have  large-sized  laterals,  and  a  size  larger 
branch  from  the  main  with  a  reducer  to  the  lateral  would  be  of 
considerable  advantage  even  if  a  smaller  lateral  were  used. 

PUBLIC   USES    OF    WATER. 

The  average  daily  consumption  of  water  in  Hartford  is  at  a 
rate  of  about  9.5  m.g.d.,  which,  with  the  number  of  consumers 
estimated  at  143  500,  gives  a  per  capita  consumption  of  65.5  gal. 
per  day.  Hartford  may  be  taken  as  a  fully  metered  city,  all 
of  the  services  being  so  covered  except  those  intended  solely  for 
fire  protection  purposes.  A  recent  canvass  of  public  uses  of 
water,  and  a  comparison  of  Venturi  meter  records  from  the  supply 
lines  with  the  amount  of  water  paid  for,  has  resulted  in  the  fol- 
lowing estimate  of  the  manner  in  which  water  is  disposed  of  in 
this  city.  On  account  of  the  roundabout  methods  by  which 
some  of  the  figures  were  obtained,  the  tabulation  is  subject  to 
correction  when  more  reliable  data  are  at  hand,  but  those  given 
now  are  thought  to  give  a  substantially  correct  classification. 

Division  of  Use  of  W.\ter  in  the  City  of  Hartford. 


Use. 

Domestic 

Manufacturers  and  other  business. 

Public 

Unaccounted  for 


Million 

Gallons 

per  Day. 

Gallons 
per  Capita. 

Per  Cent, 
of  Total 
Consump- 
tion. 

4.74 

33.0 

.50.4 

2.73 

19.0 

29.0 

0.43 

3.0 

4.6 

1.50 

10.5 

16.0 

9.40  65.5  100.0 


In  connection  with  the  matter  of  the  per  capita  consumption 
of  water,  it  is  interesting  to  compare  the  above  figure  with  the 
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estimate  made  by  the  late  Mr.  Dexter  Brackett  in  his  report  on 
"  Present  and  Future  Consumption  of  Water  in  the  Metropohtan 
District  in  Boston." 

Gallons 
Use.  per  Capita. 

Domestic 35 

Trade  and  mechanical 3.5 

Public 5 

Leakage  and  waste 25 


Regarding  the  last  item 
sidered  an  allowance  of  1.5 
waste  a  minimum  quantity 
thorough  meter  sj'stem  and 
was  a  recognized  authority 
the  Metropolitan  District 
water  conditions  in  the  citv 


100 

,  ]\Ir.  Brackett  stated  that  he  con- 
gal,  per  inha])itant  for  leakage  and 
which  could  only  be  maintained  b}^  a 

constant  inspection.  As  Mr.  Brackett 
on  this  subject,  and  his  estimates  for 

fully  justified,  it  would  appear  that 
of  Hartford  are  at  least  normal. 


Public  Uses. 
(Approximate  onh',  and  subject  to  considerable  revision.) 


\ 

Amount  per  Year. 

Service. 

Million  Gallons. 
Total. 

Million  Gallons 
per  Day. 

Gallons  per 
Capita. 

Fire 

Station  use 

Extinguishing  fires 

Parks 

Police 

Streel 

Drinking  fountains  . . . . 

Horse  fountains 

Sprinkling  and  flushing 

Miscellaneous 

*Schools 

Miscellaneous  buildings. . . 


0.010 
0.009 


0.032 
0.003 

0.001 
0.008 
0.093 
0.001 


0.068 
0.057 

0.282 


0.074 
0.066 

0.140 
0.235 
0.022 

0.008 
0.059 
0.6S4 
0.008 

0.759 
0.498 
0.419 

2.073 


*  Including  parochial  schools. 
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Fire  Department.  The  general  public  seems  to  have  an  unpres- 
sion  that  vast  quantities  of  water  are  used  in  the  putting  out  of 
fires.  This  is  a  very  erroneous  idea,  as  the  total  amount  of  water 
so  used  is  comparatively  small.  The  rate  of  demand,  however, 
for  short  periods  is  often  very  great,  so  great,  in  fact,  that  in  cities 
of  100  000  to  150  000  population  a  reasonable  requirement  for 
fire  protection  service  often  equals  or  exceeds  the  maximum 
hourly  rate  of  draft  of  an  ordinary  day.  The  total  amount  of 
water  used  by  the  Fire  Department  of  Hartford  in  the  past  year 
was  about  7  million  gallons,  or  a  Uttle  over  a  pint  per  capita  per 
day,  of  which  about  one  half  was  used  in  the  maintenance  of 
16  stations,  including  washing  of  hose  and  apparatus.  The 
remainder  was  used  in  the  extinguishing  of  fires. 

The  following  data  from  Fire  Department  records  of  1914  is 
an  indication  of  service  conditions  in  this  city. 

Total  actual  fire  alarm? 628 

Number  fire  calls  at  which  water  was  used 105 

Number  of  times  pump  service  available 63 

Number  of  hose  streams  in  use,  average 2 

Length  of  hose  line,  average,  feet 380 

Usual  size  nozzle,  inches  in  diameter 1  to  Ij 

Average  hydrant  pressure  in  service 60  to  SO  lb. 

Average  pump  pressure 100  to  200  lb. 

Total  amount  of  water  used 3  300  000  gal. 

Value  of  property  included  in  the  fires $7  973  109 

Insurance  thereon : S3  348  310 

Insurance  loss $14  590 

The  following  table  shows  the  duration  of  hose  service  at  fires 
in  1914. 

Number  of  Fires.  Duration  of  Service. 

50 15  minutes. 

25 15  minutes  to  30  minutes. 

15 30  minutes  to  1  hour. 

11 1  hour  to  25  hom-s. 

2 2\  hours  to  4  hours. 

2 4  hours  to  6  hours. 

Of  the  105  alarms  at  which  water  was  used,  three  or  more 
streams  were  in  service  at  only  16.     There  were  seven  calls  at 
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which  5  or  more  streams  were  used,  four  at  which  9  or  more  were 
used,  and  one  at  which  13  streams  were  in  service. 

An  analysis  of  the  seven  calls  at  which  five  or  more  streams 
were  in  service  is  given  on  the  preceding  page,  in  Table  9. 

The  largest  fire,  that  of  February  21,  was  in  the  Union  Station, 
—  a  sandstone  structure  with  wooden  finish  and  generally  large 
open  room  space.  This  building  had  streets  on  three  sides  and 
an  open  four-track  space  on  the  other.  It  was,  therefore,  very 
easy  to  reach  with  water,  not  difficult  to  curtail  spreading  to 
adjacent  buildings,  and,  due  to  its  stone  sides,  practically  self- 
contained.  The  water  pressure  from  the  hydrants  was  at  about 
a  maximum,  due  both  to  the  relatively  low  elevation  of  the  ground 
and  to  the  fact  that  the  fire  came  in  the  afternoon.  With  differ- 
ent surroundings  and  adverse  conditions,  50  per  cent,  more  fire 
streams  might  easily  have  been  reciuired  to  keep  the  fire  from 
spreading.  This  would  have  been  28  250-gal.  streams,  a  require- 
ment well  within  the  limits  set  by  the  fire  insurance  underwriters 
for  a  city  the  size  of  Hartford,  and  yet  this  was  not  a  fire  that 
at  any  time  threatened  a  conflagration. 

Under  topic  "Throttling  Gates,''  page  207,  reference  is  made  to 
a  fire  in  a  hay  and  grain  storehouse;  this  fire  was  referred  to  by 
the  writer  in  his  paper  on  "  Water  Ram,"*  and  a  table  given  there 
is  reproduced  below  in  order  to  show  what  amounts  of  water  may 
be  called  for  in  an  ordinarily  bad  fire.  The  Venturi  meter  on 
the  supply  main' at  the  effluent  gatehouse  indicated  a  draft  for 
this  fire  of  about  350  000  gal.,  the  rates  of  draft  in  excess  of  the 
ordinary  consumption  being  as  follows: 


Ten-Minute  Intervals. 

Gallons  per  Hour. 

Ten-Minute  Intervals. 

Gallons  per  Hour. 

1st  period  . 

125  000 

9th  period 

110  000 

2d 

190  000 

10th 

130  000 

3d 

200  000 

11th 

140  000 

4th 

240  000 

12th 

100  000 

5th 

195  000 

13th 

70  000 

6th 

160  000 

14th 

30  000 

7th 

170  000 

15th 

20  000 

8th 

170  000 

16th 

30  000 

*  Journal  N.  E.  W.  W.  A.,  XXVIII,  185. 
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It  is  of  interest  to  note  in  this  connection  that  in  a  city  of  135  000 
inhabitants,  with  full  fire  and  police  protection,  there  is  a  possi- 
bility (luring  any  3'ear  of  at  least  five  fire  calls  any  one  of  which 
may  require  from  loO  000  to  650  000  gal.  of  water  drawn  at  rates 
up  to  nearly  seven  million  gallons  per  day  in  excess  of  a  maximum 
ordinary  flow.  Also  that  this  rate  may  be  maintained  for  two 
to  three  consecutive  hours.  In  view  of  the  Baltimore,  Chelsea, 
and  Salem  conflagrations,  and  the  ordinary  fire  demands  of  a 
city  the  size  of  Hartford,  it  seems  clear  that  it  would  be  very  well 
for  many  towns  and  cities  to  look  very  closely  into  the  capacity 
of  their  supply  mains. 

Pork  Department.  The  city  of  Hartford  is  noted  for  the  extent 
and  beauty  of  its  parks.  Expense  has  not  been  spared  to  develop 
this  wonderful  and  delightful  system,  which  is  thrown  freely  open 
to  the  public  with  the  endeavor  to  make  these  open  places  the 
people's  recreation  grounds.  The  total  park  area  is  about  1  325 
acres,  part  of  which  is  in  natural  wooded  condition  and  part  in- 
tensively cultivated.  The  total  amount  of  water  used  by  this 
department  for  park  purposes  was  11.9  million  gallons,  or  about 
1  quart  of  water  per  day  per  capita;  of  this,  8.55  million  gallons 
were  used  in  the  House  of  Comfort  and  in  four  public  bath  houses. 

Police  Department.  The  use  of  water  for  this  department  is 
confined  to  one  central  station.  The  total  force  comprises  about 
250  members,  all  of  whom  when  on  duty  report  at  the  central 
station.  The  total  amount  of  water  used  by  this  department  is 
about  900  000  gal.  per  year,  or  about  0.022  gal.  per  capita  based 
on  city  population.  Based  on  the  force  reporting  to  this  station, 
the  use  of  water  is  about  12  gal.  per  day,  including  all  purposes. 

Street  Department.  The  total  amount  of  water  used  by  this 
department  is  estimated  to  be  37  700  000  gal.  per  year,  or  about 
three  fourths  of  a  gallon  per  capita  per  day  based  on  population. 
This  use  comprises  that  required  l)y  14  drinking  fountains,  12 
horse  troughs,  the  sprinkling  and  flushing  of  streets,  and  miscel- 
laneous uses  such  as  stables,  yards,  and  sewer  flushing.  As  a 
general  rule,  street  sprinkling  and  flushing  continues  for  from 
7|  to  8  months  per  year.  During  the  winter  season  the  number 
of  fountains  and  troughs  is  considerably  reduced.  During  nearly 
two  thirds  of  the  year  about  320  250  scj.  yd.  of  asphalt  paving  are 
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flushed  nightly,  and  about  two  miles  of  30-ft.  roadway  regularly 
sprinkled.  As  bearing  on  this  subject  it  is  pertinent  to  state 
that  a  very  large  proportion  of  the  macadam  streets  in  Hartford 
are  oiled  and  therefore  use  little  or  no  water  during  the  season. 

Schools.  The  total  use  of  water  in  the  schools  of  Hartford 
amounts  to  about  24.7  million  gallons  per  year,  or  about  three 
quarters  of  a  gallon  per  capita  of  estimated  population.  Of  the 
schools  using  water,  there  are  19  public  schools  using  18.8  million 
gallons  per  year  and  13  parochial  schools  using  6.0  million  gallons 
for  the  same  period.  The  total  number  of  children  of  school  age 
is  estimated  as  24  456.  The  school  year  extends  over  forty 
weeks,  from  the  Friday  following  the  second  Wednesday  in  Sep- 
tember, comprising  about  210  actual  school  days. 

The  following  table  gives  data  on  the  consumption  of  water 
in  the  public  schools  of  the  city,  the  attendance  being  taken  from 
the  report  of  the  Board  of  School  Visitors  of  the  City  of  Hartford 
for  the  year  1914. 


District. 


Total  Average  Attendance. 


Scholars. 


Teachers. 


Total. 


Total. 
Mil.  Gal. 
per  Year. 


Gallons  per 

Capita, 

Attendance 

per  School 

Day. 


Brown 

1589 

47 

1636 

2.66 

7.75 

South 

4  182 

144 

4  326 

3.52 

3.88 

Second  North. .  .  . 

1380 

54 

1434 

1.25 

3.74 

West  Middle 

958 

44 

1002 

.86 

2.61 

Ar.senal 

1514 

58 

1572 

.50 

1.52  (min.) 

Washington  St.  : . 

1  177 

45 

1222 

.88 

3.32 

Southwest 

243 

13 

256 

.35 

6.49 

Northeast 

1211 

46 

1257 

1.63 

6.68 

High  School 

1823 

104 
555 

1927 

6.29 

15.57  (max) 

14  077 

14  632. 

17.94 

5.84  (av.) 

The  average  consumption  per  scholar  in  the  public  schools  is 
3.5  gal.  per  day  per  calendar  year. 

Miscellaneous  Buildings.  This  use  includes  the  Almshouse, 
City  Hospital,  House  of  Comfort,  City  Hall,  Municipal  Building, 
Halls  of  Record,  Isolation  Hospital,  and  a  few  minor  consumers. 
By  far  the  largest  consumers  are  the  Almshouse  and  City  Hospital, 
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using  57  per  cent,  of  the  total  amount  credited  to  miscellaneous 
buildings. 

DOUBLE    CHECK    VALVES. 

You  all  remember  the  famous  advice  to  young  men  about  to  be 
married.  That  same  advice  in  capital  letters  might  well  be  given 
to  water  departments  about  to  introduce  the  so-called  dual  system 
of  connections  for  fire  protection  between  a  polluted  auxiliary 
source  and  a  public  water  supply.  With  the  advice,  however,  the 
analogy  ends  abruptly,  for  many  a  mediocre  man  has  been  put 
on  his  feet  by  a  good  wife,  but,  in  my  opinion,  a  dual  connection 
can  never  be  anything  but  a  disease  spot  in  a  water-works  system. 

Many  cases  of  serious  pollution  of  the  city  supply,  and  conse- 
quent epidemics  of  typhoid  fever,  record  the  failure  of  automatic 
devices  to  work  when  the  crucial  test  comes,  and  the  only  abso- 
lutely safe  course  is  to  allow  no  such  connection.  Reference 
without  further  discussion  need  only  be  made  to  typhoid  epi- 
demics at  Circleville,  Ohio;  Lowell,  Mass.,  and  others  due  to 
industrial  connections  with  an  infected  source. 

If  dual  connections  must  be  used,  the  form  designed  by  the 
Associated  Factory  Mutual  Fire  Insurance  Companies  in  my 
opinion  offers  the  best  chance  for  preventing  polluted  water  from 
entering  the  city  mains.  Briefly  described,  it  consists  of  two 
check  valves  with  gages  and  vent  pipes  so  arranged  that  it  is 
possible  to  test  the  valves  and  ascertain  if  they  seat  tight  at  the 
time  inspection  is  made.     (Figs.  8  and  9.) 

Under  normal  conditions,  valves  A  and  G  are  open  and  B  and  E 
are  closed. 

The  test  to  check  valves  for  leakage,  close  A,  open  E,  and  open 
petcock  at  gage  4  and  drain  pipe  between  A  and  D  through  E. 
If  A  is  not  tight,  there  will  be  a  continuous  jQow  through  E.  Start 
fire  pump  and  maintain  pressure  at  about  100  lb.,  open  B,  and  any 
leakage  is  through  C.  Connect  hand  pump  at  B,  raise  pressure 
on  gage  to  popping  point  on  relief  valve.  Any  leakage  through 
E  is  from  check  D.  Another  method  of  testing  is  to  close  valve 
A  and  open  petcock  on  gage  X;  if  check  D  leaks,  gage  Y  will 
drop,  and  if  check  C  leaks,  gage  Z  will  drop  also.  If  gages  Y  and 
Z  do  not  fall,  it  may  be  that  check  D  is  tight  and  check  C  leaks. 
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To  test  this,  open  petcock  on  gage  Y;  if  check  C  leaks,  gage  Z 
will  drop.  There  is  a  check  valve  on  the  discharge  end  of  the 
fire  pump,  to  keep  water  from  the  city  main  from  wasting  by  the 


^ 


f Cover 


Pipe 


,'  '  '^ 

i3  ''.'•. 


■  Wood  Dec  If 


I  beom  -  ■ 


y  Circuit"  closer 


—  Refardinq  Chamber 
-Relief  val'^e 


3 CCT/O/^  . 


Fig.  S.     Double  Check  Device. 


pump.  This  valve  also  should  be  inspected  for  waste.  Beside 
the  above  mechanism,  there  is  an  electric  alarm  connected  with 
the  check  valves,  bj^  means  of  which  a  bell  is  rung  whenever  river 


SAVILLE. 


241 


^//^e  -frarrr 
C/'^y  main. 


Ind/cai-or  Post  Gaic 
A. 


Pram 

■fo  Setr_er\  •  ■^,  a^  '_^. 


FlA  N    AT  Fj  T. 

/ndica-for  Fosf  6afe 
G. 


*^  To    Yard  S'ysrem. 
Fig.  9.     D(;uble  Chi-:ck  Device. 


water  enters  between  the  checks.  Thirteen  of  these  devices 
govern  as  many  connections  to  the  city  water  mains  in  Hartford. 
To  the  present  time,  as  far  as  is  known,  river  water  in  quantity 
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has  not  been  injected  into  the  distribution  system,  and  only  in  a 
very  few  cases  has  any  serious  fault  been  found  with  the  checks. 
Eternal  vigilance,  however,  is  always  the  price  of  success,  and  a 
thorough  inspection  by  a  competent  and  reliable  man  is  made  of 
each  connection  at  least  once  each  month.  The  manufacturers 
installed  these  connections  at  their  own  expense,  make  required 
repairs,  and  pay  for  each  inspection.  Only  the  greatest  courtesy 
and  desire  for  cooperation  has  been  experienced  where  these  con- 
nections are  in  use,  and  whenever  notified  of  the  least  fault,  in  no 
case  has  expense  been  spared  by  the  manufacturer  to  make  repairs 
at  once  and  to  the  entire  satisfaction  of  the  Water  Department. 
The  insurance  inspectors  also  have  been  very  earnest  in  their 
endeavors  to  perfect  the  check-valve  system  and  maintain  its 
proper  operation.  So  far  as  the  present  operation  of  these  valves 
is  concerned,  there  can  be  no  just  criticism  whatsoever.  The 
danger  lies  in  having  them  at  all,  with  the  constant  threat  that 
some  time  or  other  somebody  will  be  careless  and  an  epidemic 
start  that  will  cost  many  lives  and  much  illness. 

The  following  is  a  very  common  report  from  the  inspector: 

"  Check  valves  at  .  .  .  Company  inspected;  one  set  located 
in  driveway;  found  both  valves  tight  and  alarm  valve  working. 
Had  both  valves  taken  apart,  cleaned,  and  retested,  and  left  every- 
thing tight  and  0.  K.  Tested  checks  in  pit  in  sidewalk;  found 
inside  valve  leaking  slightly;  had  both  taken  apart,  cleaned,  and 
retested.  Inner  valve  still  showed  slight  leak.  Had  valve  taken 
apart  again  and  found  a  little  rust  under  disk  seat;  cleaned,  and 
retested  and  left  0.  K."  Another:  "  Inspected  8-inch  check 
valves  on  .  .  .  Works.  Outside  valve  leaking  a  little;  inside 
valve  0.  K.  Had  both  taken  apart,  cleaned  and  after  putting 
in  new  seat  rings,  found  valves  tight.  Alarm  valve  0.  K."  Again : 
"  Tested  set  of  8-in.  check  valves  at  .  .  .  Works,  ...  St. 
Found  outside  check  leaking  very  badly,  inside  valve  leaking 
slightly.  Cleaned  valves,  put  in  new  seat  rings,  retested  and 
found  0.  K.  Alarm  not  working;  notified  Mr.  ...  to  repair 
same." 

The  above  are  from  regular  monthly  reports  and  show  conditions 
a  month  after  a  previous  similar  test. 

Usually  all  that  is  necessary  is  to  clean  a  little  rust  or  slime  from 
the  valve  seat.     Once  in  a  while  a  more  difficult  condition  is 
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encountered,  and  the  following  excerpt  from  the  records  is  the 
most  aggravating  case  that  we  have  experienced  recently: 

"  On  regular  inspection  of  the  double  check  valve  fire  services 
early  in  April  last,  the  outside  check  valve  at  the  .  .  .  Company 
factory  was  found  to  be  leaking  slightly.  After  it  was  cleaned 
and  new  seat  rings  had  been  put  on  the  disks,  it  was  retested  and 
found  O.  K.  On  May  26,  in  company  with  insurance  company 
representative,  the  Water  Works  Inspector  examined  this  valve. 
It  was  again  found  to  be  leaking  and  the  manufacturer  was  noti- 
fied by  letter  to  have  the  valve  put  in  good  order.  On  June  1  a 
telephone  message  was  received  from  the  makers  of  the  valve 
to  the  effect  that  the  valve  was  now  in  good  order,  and  that  the 
trouble  was  that  the  man  who  had  inspected  it  did  not  know  how 
to  put  it  together  again.  The  Water  Works  Inspector  was  di- 
rected to  go  with  a  representative  of  the  makers  of  the  valve 
to  the  factory  and  inspect  the  valve  again.  It  was  found  to  be 
leaking,  and  one  of  the  maker's  representatives  took  it  apart 
but  could  not  locate  the  trouble  and  put  it  together  again,  using 
shellac  to  make  the  rubber  seat  hold  to  the  disk.  After  fifteen 
minutes  the  valve  w-as  tested  again  and  found  to  be  tight. 

"  On  the  next  visit  of  the  insurance  company's  representative, 
however,  the  valve  was  found  to  be  leaking  again,  and  an  in- 
spection on  June  3  showed  it  still  to  be  leaking.  In  reply  to  our 
letter  of  June  7,  advising  them  to  have  the  valve  put  in  good 
working  order,  the  manufacturer  replied  that  they  did  not  know 
what  the  trouble  with  the  valve  was,  but  had  put  the  matter  up 
to  the  makers  of  the  valve,  who  had  promised  to  have  it  repaired 
by  Monday,  the  14th,  at  the  latest,  and  if  it  could  not  be  repaired 
orders  had  been  given  to  put  in  a  new  valve.  On  June  14  the 
valve  was  tested  again  and  found  to  be  0.  K.,  the  makers'  rep- 
resentative stating  that  the  trouble  was  that  the  cover  of  the 
armhole  had  been  binding  on  the  disk,  and  when  relieved  the  disk 
seated. 

"  On  the  regular  inspection  trip  in  August,  this  valve  was  again 
found  to  be  leaking,  and  a  representative  of  the  manufacturer 
was  notified  to  have  same  repaired.  On  August  25,  after  notice 
that  this  valve  had  been  repaired  was  received,  it  was  again 
tested  and  found  incapable  of  holding  the  pressure. 

"On  Septem})er  7,  in  company  with  an  insurance  company  in- 
spector, the  check  was  again  examined  and  the  inspector  thought 
that  he  had  found  the  cause  of  the  trouble,  but  on  September  10 
the  valve  did  not  hold  pressure.  On  that  day,  the  insurance 
company  inspector  and  the  makers'  representative  removed  the 
disk  and  weighted  it  with  lead.  On  test  after  this  was  done,  the 
valve  was  found  to  be  tight.     On  the  regular  inspection  trip,  a 
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short  time  afterwards,  the  Water  Works  Inspector  was  accom- 
panied by  an  inspector  of  the  insurance  company,  and  when  this 
valve  was  visited  it  was  found  tight." 

Abstracts  of  inspection  reports  are  given  in  the  text  to  show  the 
Habihty  of  the  valves  not  to  seat  perfectly  even  under  constant 
care  and  inspection.  With  this  case  the  leak  was  probably  in- 
finitesimal, and  in  nearly  every  other  case  only  one  of  the  valves 
Jias  been  faulty.  Nevertheless,  the  danger  is  present.  Our 
experience  shows  that  both  check  valves  might,  and  under  right 
conditions  of  water  would  undoubtedly,  fail  to  seat  due  to  cor- 
rosion oh  the  seats,  stiffness  in  the  hinges,  or  a  number  of  other 
causes. 

The  following  bibliography,  in  reference  to  pollution  of  public 
water  supplies  through  industrial  connections  governed  by  check 
valves,  is  given  for  the  purpose  of  aiding  search  for  data  relative 
to  this  matter: 

Monthly  Bulletin,  Ohio  State  Board  of  Health,  July,  1914,  p.  954. 

Ohio  Public  Health  Journal,  March,  1915. 

Fire  and  Water  Engineering,  February  24,  1914. 

Journal  N.  E.  W.  W.  A.,  1903,  p.  69. 

Annual  Report,  Ohio  State  Board  of  Health,  1911,  p.  469. 

Journal  A.  W.  W.  A.,  1913,  p.  169.. 

Journal  American  Public  Health  Association,  September,  1913. 

Annual  Report,  Bureau  of  Health,  Philadelphia,  1913, 'pp.  116  and  308. 

Journal  A.  W.  W.  A.,  1913,  p.  162. 

Municipal  Engineering,  November,  1910. 

Proceedings,  Indiana  Sanitary  and  Water  Supply  Association,  1913,  pp. 
143  and  146. 

Journal  A.  W.  W.  A.,  1913,  pp.  132,  153,  and  175. 

Engineering  News,  Vol.  51,  p.  125. 

Journal  A.  W.  W.  A.,  1907,  p.  466. 

Journal  N.  E.  W.  W.  A.,  1908,  p.  481. 

Journal  A.  W.  W.  A.,  1914,  p.  92. 

Legal  Opinion  Regarding  Responsibility  for  Polhiting  of  Water  Supply 
(from  Ohio  Public  Health  Journal,  March,  1915). 

Brymer  v.  Butler  Water  Co.,  172  Pa.  489. 

Green  v.  Ashland  Water  Co.,  101  Wise.  258. 

Kewes  v.  City  Mankato,  113  Minn.  55,  1910. 
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George  A.  Johnson.*  Mr.  Saville  has  closed  his  interesting 
and  instructive  paper  with  some  very  pointed  remarks  anent 
check  valves  in  dual  systems  of  connections  in  distribution  sys- 
tems. In  general  the  speaker  agrees  with  him.  Probably  no 
piece  of  water-works  equipment,  with  the  possible  excejotion  of 
automatic  control  valves,  has  as  warrantably  acquired  a  man-size 
anathema  as  has  the  check  valve  on  dual  connections. 

Reduced  to  its  lowest  terms,  such  things  in  a  water  distribution 
system  mean  that  fire  protection  was  the  primary  consideration. 
Not  infrequently  it  happens  that  check  valves  are  found  on  auxil- 
iary connections  to  a  pure  water  supply.  Then,  of  course,  there  is 
no  hygienic  objection  to  them.  More  commonly,  though,  the 
auxiliary  supplies  are  polluted,  and  it  is  the  idea  that  they  shall 
be  used  only  in  special  cases,  and  a  check  valve  is  set  against  their 
mixture  with  the  pure  city  supply.  Theoretically  this  is  all  right, 
but  if  the  check  valves  get  out  of  order,  as  they  have  an  unfor- 
tunate habit  of  doing,  and  bad  water  enters  the  city  mains,  causing 
an  epidemic  of  typhoid  fever,  the  past  usefulness  of  the  check 
valve  is  immediately  and  utterl}?-  discounted,  for  no  commercial 
economy  is  measurable  in  terms  of  sickness  and  death. 

Mr.  Saville  speaks  of  eternal  vigilance  as  the  price  of  success 
with  check  valves.  That  is  true.  Monthly  or  even  daily  in- 
spection, however,  will  not  make  a  check  entirely  reliable.  It 
may  get  out  of  order  a  few  minutes  after  inspection  and  between 
that  time  and  the  next  inspection,  when  the  defect  is  found,  do 
untold  and  immeasurable  harm.  Naturally  the  insurance  people 
try  their  level  best  to  make  them  reliable  in  operation,  and  safe, 
but  a  single  check  or  a  double  check  is  liable  to  err. 

A  generation  ago  the  check  valve  was  considered  a  mighty 
useful  appliance,  but  then  we  knew  little  of  the  dangers  in  impure 
water.  It  was  only  thirty-five  years  ago  that  the  typhoid  germ 
was  discovered.  To-day,  however,  we  know  a  lot  of  things  about 
the  typhoid  germ  and  typhoid  fever  and  its  causation,  and, 
furthermore,  through  experience,  it  may  be  said  that  we  are  pretty 
well  "  onto  "  the  check  valve  and  its  idiosyncracies.     Where  a 

*  Consulting  Engineer,  New  York. 
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city  has  a  dual  system  of  water  supply,  one  coming  from  polluted 
sources,  —  for  fire  protection,  —  and  separated  from  the  pure 
supply  only  by  a  check  valve,  one  must  conclude  that  such  a 
city  is  taking  big  chances,  for  if  "  to  err  is  human,"  erring  on  the 
part  of  the  check  valve  seems  to  be  a  prominent  feature  in  its 
makeup. 

Finally,  in  the  interests  of  the  public  health,  the  fire  insurance 
underwriters  ought  to  be  as  willing  to  gamble  on  the  promptness 
of  a  watchman  in  opening  a  gate  valve  on  an  auxiliary  line  in  times 
of  emergency,  as  on  a  check  valve  which  fails  to  act  properly  at 
the  right  time,  or  which  is  a  greater  menace  to  health  than  fire. 
Incidentally  it  may  be  added  that  in  the  United  States  in  the 
last  thirty  years  the  vital  capital  dissipated  by  typhoid  fever  was 
over  three  times  the  net  property  loss  from  fire,  so  in  questions 
like  this,  offering  a  choice  between  the  loss  of  life  and  the  loss  of 
property,  there  should  be  no  hesitancy  in  lining  up  on  the  side  of 
health.  The  check  valve,  separating  an  impure  auxiliary  water 
supply  from  a  pure  city  supply,  is  decidedly  on  the  other  side. 

Mr.  R.  C.  p.  Coggeshall.*  In  New  Bedford  we  have  a  number 
of  the  check  valves  which  Mr.  Saville  has  spoken  of;  in  fact,  we 
may  have  more  than  in  any  other  place  in  the  United  States. 
We  have  at  least  120.  They  are  all  put  in  on  the  basis  that  Mr. 
Saville  has  outlined.  They  are  frequently  inspected  and  careful 
note  is  made  of  each  inspection,  and  I  would  say  that  at  the 
present  time  they  are  working  admirably,  but  their  success  de- 
pends upon  vigilance.  It  is  almost  a  necessity  for  us  to  have 
these  valves  in  our  city,  because  we  haven't  any  dual  supply  as 
other  cities  have.  Moreover,  if  any  of  these  check  valves  should 
fail  we  would  know  it  at  once,  because  we  would  get  salt  water 
and  not  fresh  water.  The  mill  people  would  know  it  mighty 
quick,  because  they  would  get  the  salt  water  right  in  their  plants 
if  a  check  should  fail.  But  we  are  looking  after  them  all  the  time, 
for  we  believe  there  is  no  other  safe  way  to  do,  and  under  our 
inspection  they  are  working  admirably. 

Mr.  William  R.  CoNARD.f  A  number  of  years  ago,  when  the 
methods  were  more  or  less  by  rule  of  thumb  among  the  founders, 

*  Superintendent  of  Water  Works,  New  Bedford,  Mass. 
t  Burlington,  N.  J. 


DISCUSSION.  247 

the  causes  for  rejecting  pipe  were  one  thing,  and  as  time  has  passed 
and  the  founders  have  improved  their  methods  and  have,  at  con- 
siderable expense  to  themselves,  installed  more  scientific  methods 
of  procedure,  the  conditions  and  causes  for  rejection  have  also 
changed,  due  to  the  varying  conditions  under  which  the  pipe  are 
made.  The  present  pipe  specifications  provide  only  for  physical 
characteristics,  and  there  was  a  time  when  that  was  sufficient 
to  obtain  the  desired  results,  for  the  reason  that  the  founders 
at  that  time  were  using  practically  all  pure  pig-iron  with  their 
own  foundry  scrap.  By  the  use  of  analytical  methods  of  de- 
termining what  the  mixtures  are,  they  have  found  that  they  can 
meet  the  physical  requirements  of  the  specifications  and  can  use  a 
certain  per  cent,  of  outside  or  purchased  scrap.  The  purchasers 
of  cast-iron  pipe  have  received  the  benefit  of  that  use  of  outside 
scrap  in  reduced  prices.  In  fact,  the  methods  were  adopted  to 
meet  the  high  competition  that  has  been  extant  for  a  number  of 
years  in  the  pipe  manufacturing  business.  The  use  of  outside 
scrap,  unless  it  may  be  large  machinery  scrap,  makes  the  actual 
chemical  properties  of  the  mix  a  rather  unknown  quantity,  and 
it  is  a  question  whether,  in  the  use  of  pipe  specifications,  or  the 
formulating  of  specifications  for  cast-iron  pipe,  it  will  not  be 
necessary  in  the  future  to  adopt  some  average  condition  of  chemi- 
cal components  and  insert  it  in  the  specifications,  and  also,  if 
possible,  limit  by  specification  the  amount  of  outside  scrap  that 
can  be  used.  That,  I  may  say,  is  a  phase  of  specifications  which 
is  being  considered  by  your  present  committee  on  pipe  specifica- 
tions. 

Mr.  L.  H.  Kunhardt.*  Mr.  Chairman,  I  would  like  to  say  a 
word.  Of  course  those  of  you  who  know  how  I  am  connected  in 
the  fire  protection  work  appreciate  that  I  do  believe  in  the  double 
check  valve;  and  the  reason  for  it  is  because,  as  has  been  said 
here,  it  seems  to  furnish  the  only  solution  of  the  problem  that  we 
all  have  of  making  the  public  water  supply  serve  its  use  for  fire 
protection  in  the  best  way,  that  is,  by  putting  the  water  directly 
at  the  seat  of  the  fire.  I  know  of  nothing  that  can  be  done  better 
than  to  give  the  automatic  sprinkler  the  very  best  supply  that 
you  can.     Some  may  say  that  a  certain  amount  of  water,  a  thou- 

*  Vice-President  Manufacturers  Mutual  Insurance  Company,  Boston. 
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sand  gallons  a  minute,  is  enough.  It  probably  is  in  perhaps  ninety- 
nine  cases  out  of  a  hundred,  but  we  are  all  of  us  constantly  dealing 
with  larger  values,  more  concentrated  values,  and  once  in  a  while 
we  have  a  case  where  we  need  all  the  water  we  can  get  hold  of,  — 
and  then  we  wish  we  had  a  little  more.  If  the  pressure  drops  on 
the  sprinkler  equipment  at  any  time,  the  fire  gets  under  way  and  it 
is  likely  to  destroy  the  building.  Whenever  a  valve  is  shut  on 
the  sprinkler  system,  the  result  is  the  same. 

I  think  you  will  find  that  in  almost  every  case  where  there  has 
been  trouble  from  a  pollution  of  the  public  water  supply  it  has 
been  due  to  a  condition  which  antedates  the  real  serious  considera- 
tion of  this  problem  of  the  double  supply.  Ever}^  case  of  which  I 
have  known,  where  there  has  been  any  leak  back  into  the  main, 
has  been  due  to  the  imperfect  arrangement  of  the  old-fashioned 
system,  with  perhaps  a  single  check  valve  buried  in  the  ground; 
and  also  due  in  part  to  the  condition  which  used  to  obtain  in  many 
cities  and  towns  years  ago,  where  the  factory  or  mill  had  the  best 
pumping  equipment  there  was  in  the  town,  perhaps  the  only 
reliable  high-pressure  supply,  and  perhaps  pumping  from  the 
river.  The  town  system  had  a  small  reservoir  and  small  pipe 
put  in  in  the  days  when  the  community  was  much  smaller  than 
it  is  to-day.  Now  they  have  a  fire  and  the  supply  isn't  adequate; 
the  fire  gets  away  from  them,  and  they  appreciate  the  streams 
which  can  be  supplied  by  the  mill  pumps,  and  if  those  streams 
cannot  be  brought  to  bear  from  where  the  mill  is  situated,  they 
will  pump  through  the  town  mains.  They  have  even  gone  so  far 
as  to  ask  the  mill  to  arrange  a  by-pass  around  the  check  valves, 
so  they  can  bring  the  water  to  the  fire. 

We  approve  the  double  check  valve  with  a  view  of  making  as 
safe  and  as  perfect  an  arrangement  as  can  be  designed;  and  then, 
in  order  to  make  it  as  secure  as  possible,  we  put  them  in  pairs,  so 
that  if  one  should  happen  to  leak  a  little,  the  other  one  will  serve  its 
purpose.  And  we  have  arranged  them  all  in  vaults,  so  they  can 
be  easily  inspected  and  cared  for.  Mr.  Coggeshall  said  they  were 
working  admirably,  and  Mr.  Saville  said  that  they  seemed  to 
furnish  the  best  solution  of  the  problem  where  it  is  necessary  to 
have  a  double  supply.  Our  experience  with  them  has  been 
eminently  satisfactory.     We  have  studied  the  problem  from  both 
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sides,  and  it  seems  to  me  that  there  is  nothinp;  better  which  at 
present  can  be  offered  to  manufacturers  and  hirge  mercantile 
estabhshments  to  afford  the  protection  which  they  need  all  the 
time,  and  which  is  essential  if  the  public  water  supi)ly  for  any  reason 
is  cut  down  in  pressure,  or  if  it  is  shut  off  in  the  street  where  the 
fire  occurs  and  where  the  sprinkler  connection  is  taken. 

Mr.  H.  0.  Lacount.*  This  paper  is  of  particular  interest  to 
fire  protection  engineers,  and  there  is  one  point  in  reference  to  check 
valves  in  which  I  am  personally  very  much  interested  which  was 
not  touched  upon  by  Mr.  Kunhardt,  and  I  do  not  think  was  re- 
ferred to  by  Mr.  Saville,  and  that  is  the  great  value  of  fire  pro- 
tection in  industrial  plants,  not  only  for  the  large  property  values, 
but  also  for  the  human  life.  Now  I  should  like  to  put  on  recoi'd 
here  the  statement  that  in  the  approximately  three  thousantl  mills, 
scattered  all  over  this  country,  insured  in  the  Mutual  Companies, 
and  which  are  largely  under  sprinkler  protection,  during  thirty-five 
years  only  five  lives  have  been  lost  b}-  fire;  and  those  factories  are 
occupied  every  day  by  about  a  million  and  a  half  of  people.  That 
seems  to  me  to  phenomenal  record,  a  very  wonderful  record,  in  a 
sense,  and  it  is  an  incentive  to  every  one  having  to  do  with  the  fire 
protection  system  to  give  it  the  very  best  possible  water  supply, 
in  order  that  the  good  work  may  not  be  hindered,  but  may  go  on. 
So  when  one  speaks  of  the  matter  of  the  health  of  the  community 
in  coimection  with  the  pollution  of  the  city  water  supply,  I  think 
there  are  two  sides  to  the  question,  and  I  think  the  maintaining  of 
these  two  supplies  for  fire  protection  is  also  in  th(<  lin(>  of  saving  life. 

By  the  way,  as  a  further  record,  there  are  alx)ut  one  hundred 
and  fifty  of  these  connections  now  in  the  country,  of  which  we  have 
knowledge,  eciuipped  with  these  double  checks.  In  other  words, 
there  are  about  thi-ee  hundred  single  checks  installed  in  pairs.  And 
the  record  of  those  checks  is  still  good,- after  six  or  seven  years  of 
experience.  Mr.  Saville,  in  his  characteristically  vigorous  manner, 
has  condemned  the  dual  system,  but  he  also  is  fair  to  the  double 
check  system  in  that  where  the  dual  system  is,  or  for  any  reason  is 
considered  to  l)e,  the  best  solution  of  the  necessities  of  the  case,  this 
double  check  does  answer  the  purpose  better  than  any  other  thing 
that  has  yet  been  put  before  us.     Credit  to  whom  credit  is  due. 

*  Engineer,   Associated   Factory   Mutual   Fire  Insurance  Companies,   Somervillp,   Majis. 
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There  is  one  other  thing  on  which  perhaps  Mr.  Saville  thought 
that  if  I  got  the  floor  I  would  lock  horns  with  him  from  the  fire 
protection  standpoint,  and  that  is  the  throttling  of  gates.  But  I 
am  not  disposed  to  do  that,  but  I  simply  want  to  put  in  this  caution, 
—  that  when  the  necessity  becomes  apparently  urgent  we  don't 
do  it  unless  we  know,  not  from  paper  figures,  but  from  a  demon- 
stration and  a  test,  that  we  haven't  throttled  them  at  any  point 
so  that  we  can't  supply  from  fifty  sprinklers,  say,  approximately 
one  thousand  gallons  a  minute  without  a  serious  loss  of  pressure,  — 
in  other  words,  without  dropping  the  pressure  to  a  non-useful 
point,  so  far  as  the  sprinkler  system  is  concerned. 
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THE  MIDDLEBORO,   MASS.,   REINFORCED  CONCRETE 
WATER  TOWER  TANK. 

BY  GEORGE  A.  SAMPSON.* 

[Read  December  8,  WIS.] 

The  town  of  Middleboro  is  situated  in  Plymouth  County, 
Massachusetts,  and  Hke  many  other  places  in  the  southeastern 
part  of  the  state,  and  elsewhere,  has  no  favorable  site  for  a  storage 
reservoir  or  standpipe  for  a  gravity  fire  supply.  The  highest 
point  of  land  in  Middleboro,  or  within  fifteen  miles  roundabout, 
is  Barden  Hill,  about  4  600  ft.  southeast  of  the  business  center  of 
the  town,  with  an  elevation  of  only  35  ft.  above  a  considerable 
part  of  the  residential  district  and  about  175  ft.  above  sea-level. 

This  fact,  together  with  the  following  brief  description  of  the 
Middleboro  Water  Works,  will  aid  in  an  understanding  of  the 
conditions  which  led  up  to  the  construction  of  the  present  con- 
crete tower  tank. 

The  works  were  built  in  1885  by  the  Middleboro  Fire  District. 
The  source  of  supply  is  a  large  dug  well  26  ft.  in  diameter  and  22 
ft.  deep,  located  about  a  mile  southeast  of  the  center  of  the  town 
and  60  ft.  from  the  east  bank  of  the  Nemasket  River,  and  fed  for 
the  most  part  from  the  gravelly  hills  and  tableland  to  the  east. 
A  brick  pumping  station  was  erected  nearby,  equipped  with  two 
Deane,  compound,  condensing,  duplex  pumping  engines,  each 
of  600  gal.  per  minute  capacity,  against  a  head  of  200  ft.,  dis- 
charging through  a  10-in.  force  main  into  the  distribution  system 
supplying  the  district.  A  wrought-iron  standpipe  20  ft.  in 
diameter  by  103  ft.  in  total  height,  with  a  capacity  of  about 
235  000  gals.,  was  erected  in  a  residential  section  of  the  town,  the 
highest  available  location  on  the  west  side  of  the  river,  giving, 
when  filled  to  overflowing,  a  static  hydrant  pressure  at  the  busi- 
ness center  of  63  lbs.,  often  reduced  to  56  lbs.  or  less  under  ordi- 
nary conditions  of  draft,  and  still  further  decreased  by  the  friction 
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in  the  mains  and  hydrant.  This  pressure  was  sufficient  for 
domestic  uses  but  inadequate  for  fire  protection,  especially  in 
view  of  the  increased  pressure  standards  generally  recognized  as 
desirable. 

To  relieve  this  condition,  an  electrically  operated  valve,  con- 
trolled by  a  switch  at  the  pumping  station,  was  installed  during 
1908  in  the  pressure  main  at  the  base  of  the  standpipe;  and  a 
relief  valve  was  placed  on  the  discharge  from  the  pumps  set  to 
blow-off  at  about  115  lbs.  at  the  station,  which  corresponds  to  a 
static  pressure  of  95  lbs.  in  the  business  section.  Upon  the 
sounding  of  a  fire  alarm,  the  electric  valve  was  closed  and  direct 
pumping  into  the  mains  with  both  pumps  depended  upon  for  the 
requisite  quantity  of  water  and  the  desired  pressure.  At  the 
same  time,  the  capacity  of  the  two  pumps  was  increased,  by  boring 
out  the  pump  cylinders,  from  1  200  to  1  600  gals,  per  minute, 
which,  with  an  allowance  for  ordinary  domestic  uses,  furnished 
from  four  to  six  good  fire  streams. 

Then  came  the  eight-hour  laws  in  Massachusetts  which,  in 
order  to  insure  a  ready-to-serve  fire  supply,  necessitated  the  em- 
ployment of  six  men  at  the  pumping  station,  three  of  whom  must 
be  licensed  engineers,  —  an  expense  out  of  .all  proportion  to  the 
size  of  the  plant.  Add  to  the  above  considerations  Nthe  fact  that 
the  standpipe  had  been  in  service  for  thirty  years;  that  a  careful 
inspection  in  1911  revealed  an  altogether  too  narrow  margin  of 
safety,  and  another  in  1913  showed  a  still  more  urgent  need  of 
its  immediate  discontinuance,  and  you  can  imagine  the  conditions 
that  recently  confronted  the  water  commissioners,  of  whom  Mr. 
Alvin  C.  Howes,  a  member  of  this  Association,  is  chairman  and 
superintendent  of  the  water  works. 

After  several  Fire  District  meetings  and  much  discussion,  it 
was  voted,  in  February  last,  to  construct  on  Barden  Hill  a  stand- 
pipe  of  500  000  gal.  capacity,  and  the  commissioners  engaged  the 
writer  to  design  and  supervise  the  construction  of  the  proposed 
structure.  The  problem  presented  was  the  storing  of  half  a 
million  gallons  of  water  at  an  elevation  sufficient  to  meet  the 
combined  demands  of  domestic  and  fire  services.  The  most 
economical  type  of  structure  fulfilling  the  requirements  was  a 
tower  tank,  an  elevated  tank  supported  on  a  tower,  sometimes 
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called  a  water  tower,  and  the  only  practicable  materials  for  build- 
ing such  a  structure  were  steel  and  reinforced  concrete.  A  steel 
tower  tank  was  estimated  to  cost  about  $2  000  less  than  one  of 
concrete,  but  the  cost  and  inconvenience  of  frequent  painting 
inside  and  outside,  a  safe  life  of  not  over  thirty  years,  its  unsightly 
appearance,  and  other  considerations  made  it  apparent  that  if  a 
satisfactorily  watertight  concrete  tank  could  be  constructed  it 
was  greatly  to  be  preferred.  The  difficulties,  however,  of  de- 
signing and  building  such  a  structure,  especially  of  the  proportions 


Fig.  1. 


required,  were  many  and  vital.  Its  success  or  failure,  perhaps 
more  than  in  any  other  engineering  work,  depends  to  a  large  degree 
upon  each  individual  connected  with  the  work  from  the  time  the 
concrete  materials  are  selected  until  they  are  finally  deposited 
between  the  forms  to  become  a  monolith  of  artificial  stone.  With 
due  regard  for  the  difficulties  involved,  it  was  nevertheless  decided 
in  favor  of  a  concrete  structure. 

Plans  and  specifications  were  prepared,  and "  bids  from  seven 
contractors  were  opened  on  April  6.  The  lowest  of  these  bidders 
was  the  Henne})ique  Construction  Company  of  New  York  City, 
to  whom  the  contract  was  awarded  on  April  12  for  the  sum  of 
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$23  140.     Mr.  Thomas  F.  Dorsey  was  engaged  by  the  writer  as 
resident  engineer  in  direct  charge  of  the  work. 

Foundation. 

The  foundation  extends  7  ft.  below  the  finished  grade  and  rests 
upon  a  fine,  well-compacted  sand,  the  safe  bearing  power  of  which 
was  determined  experimentally  by  loading  a  timber  set  at  the 
elevation  of  the  bottom  of  the  foundation.  At  a  loading  of  from 
1  to  3|  tons  per  square  foot,  the  settlement  was  uniform  and 
slight,  being  only  3 2  in.  for  each  additional  ^  ton;  but  4  tons  per 
square  foot  produced  a  relatively  large  settlement  —  ^2  in.  for 
the  last  I  ton.  The  footing  area  is  such  that  with  the  total  dead 
weight  of  4  485  tons  the  soil  is  compressed  to  the  extent  of  2.28 
tons  per  square  foot.  The  wind  load  was  computed  from  an 
assumed  velocity  of  70  miles  per  hour,  the  equivalent  of  30  lbs. 
per  square  foot  on  a  vertical  projection  of  the  structure,  which 
with  a  full  tank  adds  a  maximum  of  0.68  tons,  thereby  giving  a 
total  maximum  pressure  of  2.96  tons  per  square  foot.  Although 
the  resultant  of  the  wind  pressure  is  slightly  more  than  doubled 
with  an  empty  tank,  it  is  more  than  offset  by  the  reduction  in  the 
dead  weight  of  the  water,  so  that  the  maximum  mentioned  rep- 
resents the  worst  condition. 

Tower. 

A  cylindrical  tower  was  adopted  in  preference  to  a  number  of 
columns,  because  structurally  it  seemed  a  safer  type  of  support, 
would  probably  be  more  economical  to  construct,  and  could  be 
made  to  present  a  more  pleasing  appearance.  Considerable  study 
was  given  to  the  architectural  side  of  the  problem  in  order  to 
produce  at  a  moderate  cost  a  structure  that  would  be,  to  some 
extent  at  least,  an  addition  to  the  landscape.  The  plain  aspect  of 
a  simple  cylinder  is  relieved  by  the  addition  of  twelve  4-  by  24-in. 
pilasters,  which  were  assumed  to  take  their  proportion  of  the  load. 
The  appearance  of  solidity  at  the  bottom  is  accomplished  by  a 
concrete  seat  extending  around  the  base  of  the  tower.  A  balcony 
of  reinforced  concrete  with  bracket  supports,  paneled  posts  and 
railing,  the  floor  of  which  is  108  ft.  above  the  ground,  furnishes  a 
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suitable  point  of  vantage  for  inspecting  the  outside  of  the  tank, 
and  provides  a  visual  starting  point  for  the  tank  proper.  The 
thickness  of  the  tower  wall  between  pilasters  is  10  ins.  and  the 
greatest  compression  due  to  the  dead  load  is  483  lbs.  per  square 
inch,  increased  to  631  lbs.  by  a  70-mile  gale.  Entrance  to  the 
tower  is  through  an  iron  door.  Light  and  ventilation  are  pro- 
vided for  by  means  of  twelve  windows,  three  of  which  are  arranged 
to  open.  An  iron  ladder  within  the  tower  leads  from  the  ground 
to  the  balcony  through  an  opening  in  the  wall  of  the  tower  at  the 
elevation  of  the  balcony  floor.  Another  iron  ladder  on  the  out- 
side of  the  tank  connects  the  balcony  with  the  roof  above.  A 
16-in.  cast-iron  flanged  pipe  with  expansion  joint  rises  from  the 
ground  and  enters  the  tank  at  its  center.  An  8-in.  overflow  and 
drain  discharges  at  a  safe  distance  from  the  tower. 

Tank. 

The  tank  proper,  41  ft.  in  inside  diameter  and  having  a  depth 
of  water  at  its  center  of  59  ft.,  has  a  capacity  of  slightly  over  half 
a  million  gallons.  The  bottom  of  the  tank  is  a  hemispherical 
bowl  hung  at  its  rim  from  the  wall  of  the  tower,  and  marks  the 
first  application  of  this  type  of  bottom  to  an  elevated  concrete 
tank,  although  for  many  years  it  has  been  used  with  success  in 
elevated  steel  tanks.  The  bowl  itself  has  a  capacity  of  125  000 
gals.  The  vertical  wall  of  the  tank  varies  in  thickness  from  10 
ins.  at  the  top  to  16  ins.  at  the  bottom,  and  the  hemispherical 
bowl  from  18  ins.  at  its  connection  with  the  tank  wall  to  14  ins. 
at  its  center.  The  thickness  of  concrete  is  such  that  without 
any  assistance  from  the  steel  reinforcement  its  stress  in  tension 
is  about  250  lbs.  per  square  inch.  The  tensile  stress  in  the  steel 
acting  independently  is  approximately  14  000  lbs.  per  square 
inch;  and  with  both  materials  acting  in  conjunction  the  computed 
stresses  are  215  and  2  150  lbs.  The  tank  is  covered  to  guard 
against  the  growth  of  alga^,  not  uncommon  in  a  filtered  water 
supply  exposed  to  light,  and  to  prevent  freezing.  The  roof  is  a 
concrete  dome  4  ins.  thick,  41  ft.  in  diameter,  and  with  a  rise  of 
4  ft.  at  the  center.  The  thrust  is  carried  by  steel  reinforcement 
embedded  in  the  top  of  the  tank  wall. 
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Concrete. 

Whitehall  cement  from  the  Whitehall  Portland  Cement  Com- 
pany's mill  at  Cementon,  Pa.,  was  used  throughout  the  work. 
Sampling  and  testing  was  done  by  the  New  England  Bureau  of 
Tests,  of  Boston,  samples  being  taken  as  loaded  on  the  cars,  which 
were  then  sealed.  The  tests  of  the  twelve  carloads  required, 
aggregating  8  100  bags,  were  unusually  uniform  and  satisfactory, 
especially  for  the  essential  qualities  of  strength,  fineness  of  grind- 
ing, and  slow  initial  set.  The  sand  and  coarse  aggregate  were 
obtained  from  a  gravel  pit  ahout  Ij  miles  distant,  screened  by 
hand  at  the  pit  to  give  the  sizes  required.  The  sand  was  tested 
for  tensile  strength  as  compared  with  standard  Ottawa  sand  and 
gave  an  average  of  112^  per  cent,  thereof.  The  gravel  stones 
were  washed  to  remove  a  slight  coating  of  clay  and  cemented 
sand.  The  proportions  of  the  concrete  for  the  foundation  are 
1  of  cement,  2|  of  sand,  and  5  of  gravel  stone;  for  the  tower, 
1:2:4;  for  the  hemispherical  bottom  and  wall  of  the  tank  to 
elevation  279,  1:1:2;  from  elevation  279  to  293,  1  :li  :3; 
and  above  elevation  293,  including  the  dome  roof,  1  :  2  : 4.  The 
relative  amounts  of  sand  and  stone  were  somewhat  varied  to 
provide  the  densest  practical  mix,  the  percentage  of  cement  to 
the  sum  of  the  aggregates,  however,  remaining  as  stated.  The 
amount  of  concrete  used  in  the  work  was  1  120  cu.  yds. 

Steel  Reinforcement. 

"  Havemeyer,"  round,  deformed,  open  hearth,  hard  grade 
reinforcing  rods  furnished  by  the  Concrete  Steel  Company  of 
New  York,  and  bent  at  the  rolling  mills,  were  used  in  the  structure. 
These  were  tested  at  the  Carnegie  mills  by  the  New  England 
Bureau  of  Tests,  a  large  proportion  of  which  were  Ij-in.  and 
developed  an  ultimate  tensile  strength  of  120  000  ll^s.  per  rod. 
Laps  were  40  diameters,  and  in  addition  each  joint  in  the  tank 
was  secured  by  two  cable  clips.  The  horizontal  rods  of  the  tank 
were  firmly  secured  in  their  true  position  to  sixteen  vertical  3-in. 
channels  drilled  to  the  exact  spacing  of  the  rods.  One  hundred 
and  sixty  thousand  pounds  of  steel  reinforcement  were  embedded 
in  the  concrete. 
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Steel  forms  made  by  the  Blaw  Steel  Coii.st ruction  Company  of 
New  York  were  used  for  the  outside  surface  of  the  tower  and  tank. 
Two  complete  rings  were  provided,  each  4  ft.  in  height,  at  a  total 
cost  of  S600.  Two  4-ft.  rings  of  wooden  forms  were  used  on  the 
inside  at  a  first  cost  of  S400.  The  use  of  steel  forms  was  justified 
both  on  account  of  a  considerable  saving  in  time  and  expense  in 
erection  and  because  of  the  resulting  smooth,  dense  surface,  re- 
ciuiring  very  little  finishing  and  less  susceptible  to  the  action  of 
the  elements.  The  hemispherical  l^ottom  was  cast  between  forms 
consisting  of  wooden  ribs  covered  with  sheet  iron. 

Joint  between  Old  and  New  Concrete. 

For  the  tower,  in  order  to  secure  a  bond  between  the  successive 
rings  of  concrete,  the  forms  were  overfilled  about  |  in.,  which 
surplus  containing  the  laitance  was  screeded  off  previous  to  the 
initial  set  of  the  concrete,  following  which  as  soon  as  the  final 
set  occurred  the  surface  was  wire-brushed  to  slightly  expose 
the  stones  and,  immediately  before  placing  fresh  concrete,  washed 
with  a  hose  stream  and  coated  with  a  neat  cement  grout.  For  the 
tank,  in  addition  to  the  above  precautions  which  were  carried  out 
with  especial  care,  there  was  cast  in  the  old  concrete  a  continuous 
triangular  groove,  about  H  in.  in  depth,  running  around  the 
wall  near  its  center  and  subsequentlj^  filled  with  grout  and  con- 
crete; to  still  further  minimize  the  chances  of  leakage,  at  each 
horizontal  joint  an  uncoated  steel  plate  or  dam  of  No.  14  gage 
metal  10  ins.  wide,  turned  over  one  inch  at  each  edge  to  form  a 
channel,  and  bolted  together  to  form  a  continuous  watertight 
stop,  was  embedded  4  ins.  into  the  old  work,  thus  leaving  4  ins. 
extending  up  for  a  bond  with  the  new  concrete.  The  cost  of 
twelve  channel  rings  in  place  was  about  $400. 

Progress  of  Work. 

Ground  for  the  foundation  was  broken  on  April  20.  After  the 
excavation  was  completed  the  earth  was  wetted  and  thoroughly 
compacted  b}-  rammers,  following  which  a  2-in.  layer  of  concrete 
was  placed  over  the  entire  surface  to  serve  as  a  working  base  for 
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the  erection  of  the  steel  reinforcement  and  as  a  suitable  medium 
upon  which  to  place  concrete.  All  concrete  was  mixed  in  a  15  cu. 
ft.  Smith  mixer  operated  by  steam  and  discharging  into  a  bucket 
elevator  which  at  the  desired  height  was  tripped  and  dumped  into 
a  receiving  hopper,  whence  it  was  conveyed  by  gravity  through  a 
sheet  steel  chute  to  a  central  distributing  hopper,  and  finally  by 
means  of  eight  movable  wooden  chutes  was  deposited  between  the 
forms  around  the  circumference. 

The  concrete  materials  were  brought  to  the  mixer  in  dump  cars 
running  on  an  inclined  industrial  railway  and  pulled  up  the 
incline  by  a  cable  attached  to  a  drum  of  the  hoisting  engine. 
The  average  rate  of  progress  on  the  tower  was  a  4-ft.  ring  each 
alternate  day,  with  a  marked  increase  in  efficiency  as  the  work 
advanced.  The  actual  time  required  for  concreting  was  about  four 
hours  to  each  4-ft.  section.  The  bottom  of  the  tank,  including 
four  feet  of  the  wall  immediately  above  the  tower,  was  poured 
continuously.  Concreting  began  at  5  a.m.  on  September  9,  and 
the  last  batch  was  deposited  at  4  a.m.  the  following  day,  during 
which  time  about  130  cu.  yds.  of  1  :  1  :  2  concrete  were  placed. 
Five  days  elapsed  before  the  following  section  was  in  place  and 
two  more  days  before  the  succeeding  ring  was  concreted.  Four 
days  were  then  spent  in  preparing  for  future  operations,  so  that 
when  concreting  began  again  on  the  fifth  day  the  following  eight 
successive  lifts  were  made  in  nine  days,  and  it  was  only  due  to  a 
violent  gale  of  about  seventy  miles  per  hour  that  operations  had 
to  be  suspended  for  one  day.  The  roof  of  the  tank  was  poured 
on  October  13. 

Watertightness  . 

As  soon  as  the  forms  were  removed  from  the  inside  of  the  tank 
and  the  staging  from  around  the  outside,  the  surfaces  were  cleaned 
and  so  far  have  received  no  further  treatment,  although  after 
the  tank  has  been  fully  tested  and  accepted  as  satisfactorily  water- 
tight, the  question  of  waterproofing  the  inside  and  damp-proofing 
the  outside  surface  will  be  considered.  Coincident  with  the 
removal  of  the  outside  staging  around  the  tower,  the  surface  was 
cleaned  and  washed  with  a  brush  coat  of  neat  cement  grout, 
mixed  in  the  proportion  of  one  of  cement  to  one  of  water.     The 
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cost  of  cleaning  and  coating  the  14  000  sq.  ft.  of  surface  was  $75.00, 
or  about  0.54  cent  per  square  foot.  In  connection  with  the  subject 
of  watertight ness,  the  following  clause  from  the  specifications  may 
be  of  interest: 

"  The  concrete  in  the  bottom  and  wall  of  the  tank  shall  be 
substantially  watertight  at  all  times.  Any  leakage  amounting 
to  jets  or  visible  seepage  shall  be  repaired  by  and  at  the  expense 
of  the  contractor  and  by  methods  approved  by  the  engineer. 
Small  damp  spots,  if  few  in  number,  which  do  not  increase  nor 
disfigure  the  appearance  of  the  concrete,  will  be  considered  to 
meet  the  requirements  hereunder.  It  is  intended  that  the  work 
shall  be  sufficiently  waterproof  that  severe  freezing  will  not  at 
any  future  time  threaten  the  integrity  of  the  concrete  and  that 
the  general  appearance  of  the  structure  will  not  suffer  through 
efflorescence  or  other  disfiguring  stains." 

The  work,  including  grading  and  cleaning  up,  will  be  completed 
this  week,  and  it  is  hoped  that  water  may  be  turned  into  the  mains 
to  supply  the  District  on  January  1.  The  static  hydrant  pres- 
sure with  a  full  tank  will  be  84  lbs.  in  the  higher  residential  area, 
104  lbs.  in  the  business  center,  and  120  lbs.  in  the  low  district 
along  the  Nemasket  River,  reduced  by  about  20  lbs.  by  frictional 
losses  during  an  ordinary  fire.  For  the  year  1914  the  population 
supplied  with  water  was  5  000  and  the  average  daily  consump- 
tion 320  000  gals.,  so  that  a  thirty-six  hours'  supply  of  water  is 
available,  every  drop  of  which  is  of  value. 
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REVENUE    AND    OPERATING    EXPENSE    OF    MUNICI- 
PALLY OWNED  WATER-WORKS  IN  MASSACHUSETTS 
FOR  THE  YEAR  1913. 

BY    CHARLES    W.    SHERMAN.* 

There  has  recently  appeared  from  the  State  Bureau  of  Statistics 
the  Eighth  Annual  Report  on  the  Statistics  of  Municipal  Finances 
covering  the  year  1913  (that  is,  fiscal  years  ending  between  No- 
vember 30,  1913,  and  April  1,  1914).  This  report  contains  in 
considerable  detail  the  figures  indicating  the  financial  transactions 
of  all  the  cities  and  towns  in  the  Commonwealth.  Those  for 
water-works  systems  are  not  grouped  by  themselves  but  are  given 
in  the  general  tabulations  under  the  heading  "  Public  Service 
Enterprises."  The  gross  amounts  contained  in  these  tables  are 
of  little  significance  in  themselves  and  cannot  readily  be  compared 
with  those  of  other  cities  and  towns,  except  those  appearing  on 
the  adjoining  pages  of  the  report. 

In  order  to  obtain  really  significant  data  from  these  figures,  the 
writer  has  al^stracted  the  figures  of  revenue  and  operating  ex- 
pense for  all  the  cities  and  towns  having  municipal  ^yater  works 
and  has  computed  the  per  capita  revenue  and  expenses,  using 
population  estimated  on  the  basis  of  the  1910  and  1915  census 
figures.  The  results  are  given  in  the  three  tables  accompanying, 
where  Table  1  contains  the  statistics  of  the  thirty-six  cities;  Table 
2,  those  of  the  fifty-two  towns  having  a  population  of  5  000  or 
over;  aijd  Table  3,  those  of  the  forty-seven  towns  having  a  popu- 
lation of  less  than  5  000. 

It  should  be  noted  that  in  substantially  if  not  al^solutelj'  all 
cases,  the  figures  reported  are  based  on  cash  receipts  and  expejidi- 
tures  and  not  necessarily  on  the  true  earnings  and  expenses  for  the 
year  under  consideration.  It  is  also  to  be  remembered  in  com- 
paring these  figures  with  similar  figures  for  privately  owned  water- 

NoTE. — ^This  paper  has  n:>t  bean  read  at  anv  meeting.  Discussion  is  invited  for  future 
publication. 

*  Of  Me^calf  &  Eddy,  Consulting  Engineers,  Boston. 
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works  systems  that  in  but  few  of  the  niunieipally  owned  plants 
does  the  wat-er  works  receive  anj^  revenue  for  fire  protection  or 
hydrant  service,  and  that  in  no  case  except  Hoh'oke  does  the  water 
department  pay  taxes.  It  must  also  be  borne  in  mind  that  in  a 
very  large  number  of  cases,  particularly  in  the  small  towns,  the 
administrative  machinery  of  the  town  is  utilized  for  the  benefit  of 
the  water  works  without  compensation  out  of  water  revenue,  — 
thus  town  treasurers  or  collectors  of  taxes  in  a  great  many  eases 
render  and  collect  the  ])ills  for  water,  the  office  and  possibly  the 
shop  of  the  water  department  is  in  the  town  hall,  and  it  may  be  in 
some  cases  that  one  of  the  selectmen  or  some  other  town  officer 
acts  as  superintendent  without  additional  compensation,  or,  at 
most,  with  very  slight  compensation  from  the  water  department. 

Tables  1  and  2,  relating  to  the  cities  and  the  larger  towns,  repre- 
sent long-estabhshed  water-works  -systems  in  which  the  develop- 
ment is  substantially  complete.  That  is  to  say,  the  water  pipes 
reach  substantialh'  all  parts  of  the  communities  and  the  number 
of  people  not  supplied  from  the  pul^lic  works  is  insignificant.  In 
the  case  of  the  smaller  towns  listed  in  Table  3,  however,  the  condi- 
tions are  very  different  in  many  cases.  Oftentimes  these  works 
supply  only  the  thickly  settled  central  portion  of  the  town,  while 
a  considerable  portion  of  the  population  living  in  outlying  dis- 
tricts is  not  reached  by  the  water  works.  In  such  cases  per  capita 
figures,  based  on  the  entire  population,  are  obviously  of  compara- 
tively slight  significance  and  should  be  used  with  great  caution. 
In  other  cases  the  works  have  been  recently  established  and  have 
not  yet  reached  their  full  development,  even  in  the  districts  sup- 
plied. In  a  few  cases  of  sununer  resort  communities  the  revenue 
and  expenses  are  abnormally  large  for  the  permanent  population 
and  ought  more  properly  to  be  based  on  the  maxinunn  or  transient 
population,  if  trustworthy  figures  were  available. 

In  the  case  of  cities  and  towns  in  the  Metropolitan  Water  Dis- 
trict, it  should  be  noted  that  the  operating  expense  includes  only 
so  nuich  of  the  Metropolitan  assessment  as  relates  to  maintenance 
of  the  ^Metropolitan  Water  Works. 

For  the  reasons  set  forth  above,  the  averages  for  Table  3  are 
probably  not  of  great  significance.  Those  of  Tables  1  and  2  are, 
however,  probably  fair  indications  of  the  per  capita  revenue  and 
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operating  expenses  to  be  expected  of  thoroughly  developed  muni- 
cipal water  works  in  this  state.  Local  conditions,  of  course,  have 
a  very  considerable  effect,  particularly  upon  the  operating  expense ; 
and  the  extent  to  which  funded  debts  have  been  retired  and  the 
amount  of  extensions  to  be  paid  for  out  of  earnings  in  addition  to 
meeting  operating  expense  would  largely  affect  the  amount  which 
should  be  assessed  in  gross  revenue.        ' 

It  is  hoped  that  water  commissioners  and  superintendents  will 
find  these  figures  of  assistance,  particularly  in  making  it  possible 
to  compare  the  conditions  in  the  works  under  their  charge  with 
those  of  other  cities  and  towns  where  the  conditions  are  more  or 
less  similar. 

DISCUSSION. 

Mr.  Charles  F.  Gettemy.*  I  am  sure  I  voice  the  sentiments 
of  my  assistant,  Mr.  Waddell,  who  is  here  with  me  this  afternoon, 
as  well  as  my  own,  in  expressing  to  you,  Mr.  President,  and  to 
Mr.  Sherman,  who  is  responsible,  I  presume,  for  our  presence 
here,  our  great  appreciation  of  the  opportunity  which  you  have 
given  us  to  get  away  from  our  desks  and  some  of  our  routine  duties 
in  order  to  come  here  and  meet  this  intelligent  body  of  scientific 
men.  It  is  a  great  privilege  to  be  able  to  come  in  contact  with 
such  a  body  and  have  the  opportunity  to  listen  to  these  interest- 
ing papers  that  have  been  read. 

The  hour  is  so  late  that  it  does  not  seem  to  me  that  this  is  per- 
haps the  time  to  say  anything  that  might  lead  to  an  extensive  dis- 
cussion of  the  very  important  matter  which  has  been  raised  by  Mr. 
Sherman  in  his  interesting  and  certainly  suggestive  paper.  It  is, 
nevertheless,  an  exceedingly  important  point  that  has  been  raised 
as  to  whether  our  present  municipal  indebtedness  laws  should  be 
amended  along  the  lines  suggested,  and  I  hope  you  will  believe  me 
when  I  say  that  we  have  absolutely  no  pride  of  opinion  in  regard  to 
these  matters,  and  that  we  are  only  anxious  to  see  the  municipal 
indebtedness  laws  of  Massachusetts  in  such  form  as  will  make  for 
sound  management  of  municipal  finances,  as  well  as  drawn  in  such 
a  way  as  not  seriously  to  affect  the  convenience  and  well-being 
and  health  of  the  people  who  compose  our  municipalities. 

*  Director  State  Bureau  of  Statistics,  Boston. 
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TABLE  1. 

Gross  Water-Works  Revenue  and  Operating  Expense  per  Capita  in 
Massachusetts  Cities  for  the  Year  1913. 


imiber. 

City. 

1 

Boston 

2 

Worcester 

3 

Fall  River 

4 

Lowell 

o 

Cambridge 

(i 

New  Bedford 

7 

Springfield 

8 

LjTin 

9 

Lawrence 

10 

Somerville 

11 

Brockton 

12 

Holyoke 

13 

Haverhill 

14 

Maiden 

15 

Newton 

16 

Salem 

17 

Chelsea 

18 

Fitchburg 

19 

Quincy 

20 

Pittsfield 

21 

Everett 

22 

Taunton 

23 

Waltham 

24 

Chicopee 

25 

Medford 

26 

Gloucester 

27 

Revere 

28 

North  Adams 

29 

Beverly 

30 

Northampton 

31 

Leominster 

32 

Attleboro 

33 

Melrose 

34 

Woburn 

35 

Newburyport 

36 

Marlborough 

Population. 

Gross 

Revenue 

per  Capita. 

Operating 

Expense 

per  Capita. 

721  700 

$4.08 

S1.43 

156  012 

2.86 

0.60 

122  592 

1.86 

0.63 

107  405 

1.82 

1.31 

107  230 

3.57 

1.12 

104  400 

2.66 

0.81 

97  353 

3.69 

2.01 

93  215 

3.34 

1.64 

88  511 

1.53 

0.71 

83  000 

2.79 

0.73 

60  124 

2.45 

0.91 

59  580 

2.16 

1.66 

47  316 

2.72 

0.85 

46  500 

2.27 

0.73 

41  789 

3.42 

0.96 

39  800 

3.05 

1.27 

39  037 

3.20 

0.67 

38  922 

2.15 

1.28 

37  460 

3.26 

0.68 

36  612 

3.24 

0.57 

36  025 

3.15 

0.78 

35  399 

2.67 

1.26 

29  226 

3.15 

1.53 

28  242 

2.35 

0.97 

27  566 

2.45 

0.52 

24  446 

4.45 

1.21 

23  289 

3.16 

0.79 

22  028 

2.79 

0.41 

21236 

3.36 

1.66 

20  766 

2.95 

0.96 

17  619 

3.50 

0.68 

17  574 

3.84 

1.05 

16  411 

2.72 

1.13 

15  968 

3.29 

1.12 

15  165 

4.10 

1.41 

14  981 

3.03 

0.77 

Average  69  290  3.16  1.14 

Maximum  4.10  1.66 

Minimum  1.53  0.41 

Ratio  of  average  operating  expense  to  gross  revenue  =  36  per  cent. 
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TABLE  2. 

Gross  Water-Works  Revenue  and  Operating  Expense  per  Capita  in 
Massachusetts  Towns  over  5  000  Population  for  the  Year  1913. 


' 

Gross 
Revenue 

Operating 
Expense 

Number. 

City. 

Population. 

per  Capita. 

per  Capita. 

1 

Brookline 

31  312 

$3.47 

$1.40 

2 

Peabody 

17  464 

5.60 

1.59 

3 

Westfieid 

17  463 

2.76 

0..50 

4 

Gardner 

15  704 

3.97 

1.14 

5 

Watertown 

15  059 

4.02 

0.60 

6 

Framingham 

14  694 

4.52 

1.31 

7 

Weymouth 

13  540 

3.66 

0.85 

8 

Arlington 

13  407 

4.37 

1.48 

9 

Clinton 

13  144 

2.58 

0.80 

10 

Methuen 

12  984 

2.35 

0.82 

11 

Plymouth 

12  612 

2.92 

1.02 

12 

Wakefield 

12  229 

3.17 

1.53 

13 

Webster 

12  142 

1.92 

0.70 

14 

Winthrop 

11  707 

4.88 

1.95 

15 

Natick 

10  619 

2.61 

1.30 

16 

West  Springfield 

10  493 

4.70 

1.94 

17 

Danvers 

10  469 

3.69 

0.94 

18 

Winchester 

9  726 

4.00 

2.28 

19 

North  Attleboro 

9  463 

2.94 

1.28 

20 

Saugus 

•       9  355 

1.49 

0.78 

21 

Easthampton 

9  316 

1.92 

1.08 

22 

Athol 

9  283 

4.35 

0.95 

23 

Norwood 

9  193 

3.63 

1.36 

24 

Ware 

9  116 

1.33 

0.97 

25 

Amesbury 

9  084 

3.75 

1.05 

26 

Braintree 

8  831 

4.34 

1.94 

27 

Milton 

8  329 

6.08 

2.66 

28 

Andover 

7  706 

2.96 

1.13 

29 

Marblehead 

7  500 

4.41 

1.59 

30 

Whitman 

7  430 

2.54 

1.39 

31 

Stoneham 

7  330 

3.20 

1.29 

32 

Belmont 

7  282 

3.55 

0.82 

33 

Rocldand 

7  015 

2.94 

1.91 

34 

Swampscott 

6  888 

5.90 

2.31 

35 

Hudson 

6  752 

2.26 

0.29 

36 

Stoughton 

6  715 

2.31 

0.86 

37 

Maynard 

6  618 

2.04 

0.68 

38 

Concord 

6  577 

4.45 

1.54 

39 

Reading 

6  409 

3.78 

1.55 

40 

Spencer 

6  293 

1.86 

0..30 

TABLE 


Number. 

City. 

41 

Franklin 

42 

Ipswich 

A.i 

\\>llesley 

44 

Needham 

4o 

Winchendon 

46 

North  Andover 

47 

Westboro 

4S 

Abington 

49 

Orange 

50 

Canton 

51 

Lexington 

52 

Wali)ole 

SHERMAX. 

E  2.  —  Continued. 

Population. 

Gross 

Revenue 

per  Capita. 

Operating 

Expense 

per  Capita, 

6  121 

$2.95 

$0.90 

6  074 

2.45 

0.82 

6  02S 

4.94 

1.80 

5  935 

2.89 

1.29 

5  816 

2.53 

0.89 

5  784 

2.07 

1.12 

5  734 

1.94 

0.74 

5  569 

3.18 

1.57 

5  340 

2.69 

0.93 

5  292 

2.94 

1.85 

5  290 

5.00 

1.26 

5  252 

3.93 

2.15 

265 


Average  9  529  3.43  1.24 

Maximum  6.08  2.66 

Minimum  1.33  0.29 

Ratio  of  average  operating  expense  to  gross  revenue  =  36  per  cent. 


TABLE  3. 
Gross  Water-Works  Revenue  and  Operating  Expense  per  Capita  in 

MASSACHfSETTS  ToWNS   UNDER   5  000   POPULATION   FOR  THE   YeAR    1913. 


Number. 

City. 

Population. 

Gross 

Revenue 

per  Capita. 

Operating 
Expense 
per  Capita. 

1 

Monson 

4  905 

$1.40 

$0.32 

2 

Uxbridge 

4  821 

2.77 

1.24 

3 

Randoli)h 

4  562 

2.38 

1.09 

4 

Dudley 

4  330 

2.07 

0.72 

5 

Provincetown 

4  324 

2.25 

1.12 

6 

Rockport 

4  295 

3.85 

2.39 

7 

Agawam 

4  134 

0.58 

0.36 

8 

Templeton 

3  951 

1.72 

1.33 

9 

Falmouth 

3  609 

7.66 

2.73 

10 

East  Bridgewater 

3  558 

1.40 

0.48 

11 

Barre 

3  269 

1.18 

0.24 

12 

Billerica 

3  002 

2.47 

1.56 

13 

North  Brookfield 

2  997 

2.52 

1.36 

14 

Holhrook 

2  894 

3.52 

1.48 

15 

Pepperell 

2  884 

3.20 

1.24 

16 

Manchester 

2  835 

6.47 

4.70 

17 

Ayer 

2  789 

3.18 

1.28 
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Number. 

City. 

Population. 

Gross 

Revenue 

per  Capita. 

Operating 

Expense 

per  Capita. 

IS 

Medway 

2  786 

$2.45 

$0.69 

19 

West  Bridgewater 

2  537 

3.24 

0.69 

20 

Lancaster 

2  536 

3.72 

2.55 

21 

Kingston 

2  526 

2.45 

0.96 

22 

Hopkinton 

2  467 

1.38 

1.19 

23 

Sharon 

2  406 

3.96 

1.36 

24 

Hatfield 

2  387 

1.92 

0.17 

25 

Holden 

2  366 

1.90 

0.08 

26 

Douglas 

2  167 

1.02 

0.74 

27 

Wrentham 

2  145 

2.46 

.     1.04 

28 

Merrimac 

2  142 

2.55 

1.51 

29 

Williamsburg 

2  123 

1.52 

0.48 

30 

Brookfield 

2  117 

1.10 

0.60 

31 

Avon 

2  103 

2.33 

1.43 

32 

Wayland 

2  101 

1.40 

0.78 

33 

Ashburnham 

2  077 

1.70 

1.65 

34 

Ashland 

1877 

2.50 

1.19 

35 

Rutland 

1833 

2.19 

1.11 

36 

Northboro 

1764 

2.86 

0.70 

37 

Longmeadow 

1504 

3.05 

2.04 

38 

Marion 

1475 

5.66 

3.35 

39 

Millis 

1426 

2.36 

1.27 

40 

Plainville 

1400 

1.65 

1.22 

41 

Bedford 

1312 

2.70 

0.92 

42 

Nahant 

1307 

8.85 

4.40 

43 

Mattapoisett 

1305 

1.68 

1.30 

44 

Tisbury 

1274 

10.40 

5.70 

45 

Lincoln 

1256 

9.72 

3.60 

46 

Littleton 

1229 

2.50 

1.32 

47 

Russell 

1049 

1.38 

1.52 

Average 

2  556 

2.80 

1.34 

Maximum 

10.40 

5.70 

Minimu 

im 

0.58 

0.08 

Ratio  of  average  operating 

;  expense  to  gross  revenue  = 

48  per  cent. 

I  am  frank  to  say,  however,  thatthe  matter  is,  in  my  opinion, 
of  sufficient  importance  to  warrant  the  legislature  in  giving  very 
careful  consideration  to  the  question  as  to  whether  these  laws 
should  be  amended.  This  particular  proposition  is  so  bound  up 
with  the  whole  subject  of  municipal  indebtedness  that  I  confess 
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it  is  difficult  for  us  to  divorce  and  isolate  altogether  water  debt 
from  other  municipal  debt;  and,  if  you  will  allow  me,  I  should  like 
simply  to  content  myself  on  this  occasion  with  merely  throwing 
out  a  few  suggestions  which  possibly  may  throw  a  little  light  on 
the  present  legislation  and  the  laws  relating  to  the  subject. 

I  think  I  am  justified  in  saying  that  if,  as  has  been  suggested, 
the  extension  of  the  construction  of  water-works  systems  has  been 
seriously  interrupted  in  the  last  two  or  three  years  b}^  virtue  of  the 
existence  of  this  legislation  which  has  been  referred  to  on  the 
statute  book,  resulting  in  a  decrease  in  the  amount  of  water-works 
construction  and  a  discouragement  of  extensions,  and  a  slowing 
down  of  the  rate  of  progress  at  which  such  extensions  were  being 
made  prior  to  the  passage  of  this  legislation,  it  has  been  due  not 
so  much  to  the  fact  that  this  is  new  legislation  which  has  sup- 
planted old  legislation,  but  to  the  fact  that  for  the  first  time  laws 
which  are  from  thirty  to  forty  years  old,  as  matter  of  fact,  are 
now  being  more  generally  observed  and  enforced;  and  that  if  a 
greater  rate  of  progress  was  being  made  formerly,  it  was  not  because 
that  sort  of  thing  was  permitted  under  the  laws  as  they  stood 
prior  to  1913,  but  because  those  laws  were  not  enforced,  and,  if 
not  directly  evaded  by  our  municipalities,  were,  at  any  rate, 
subjected  to  most  elastic  and  loose  interpretation.  One,  of  course, 
always  trenches  on  delicate  and  dangerous  ground  when  he  under- 
takes to  say  a  given  statute  is  being  violated.  That  in  the  last 
analysis,  of  course,  is  a  matter  for  the  courts  to  determine.  So, 
possibly,  I  had  better  say  that  the  laws  prior  to  the  passage  of 
the  general  municipal  indebtedness  act  of  1913  regarding  the  amor- 
tization of  municipal  indebtedness  by  the  serial  method,  so-called, 
were  so  loosely  drawn  that  there  was  opportunity  for  a  difference 
of  opinion  with  regard  to  their  construction.  It  may,  therefore, 
be  useful  to  the  members  of  your  organization,  in  the  event  that 
you  think  that  an  amendment  of  the  present  legislation  ought  to 
be  sought,  if  I  take  up  your  time  just  for  a  few  moments  in  giving 
you  an  outline  of  the  facts  that  led  up  to  the  passage  of  this  legis- 
lation. 

It  dates  back  to  the  preliminary  investigation  made  by  the 
Bureau  of  Statistics  during  the  winter  of  1911,  when  a  bill  was  in- 
troduced into  the  legislature  for  refunding  a  demand  note  of  one 
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of  our  towns  that  had  been  outstancUng  then  about  thirty-five 
years;  and  it  appeared  that  although  that  note  was  bearing  six 
per  cent,  interest,  having  l^een  issued  in  1875,  the  town  was  con- 
tinuing to  pay  this  rate  of  interest  and  would  have  done  so  in- 
definitely; and  although  it  might  be  regarded  as  a  pretty  good 
permanent  investment,  it  so  happened  that  it  was  held  by  a  board 
of  trustees  which  for  some  reason  wanted  to  turn  it  over,  and  when 
they  walked  into  the  town  treasurer's  office  with  the  note  and 
demanded  the  money,  of  course  the  town  treasurer  didn't  have  it 
and  so  the  town  had  to  come  to  the  legislature  and  ask  to  have 
the  debt  refunded.  That  opened  the  eyes  of  a  certain  member  of 
the  Senate,  who  was  curious  enough  to  wish  to  ascertain  to  what 
extent  our  cities  and  towns  had  debts  of  that  sort.  So  he  in- 
troduced an  order  in  the  Senate  asking  the  Director  of  the  Bureau 
of  Statistics  to  cause  an  inquiry  to  be  made,  —  and  incidentally 
requiring  the  report  to  be  made  in  two  weeks;  sometimes  when 
they  get  started  on  Beacon  Hill  they  want  to  hurry  things  up 
pretty  fast,  —  and  to  report  the  amount  of  outstanding  indebt- 
edness in  our  cities  and  towns  for  the  payment  of  which  no  provision 
had  been  made. 

We  did  the  best  we  could  with  such  data  as  we  had  on  file  in 
our  office  and  made  a  report;  and  it  disclosed  such  a  condition  of 
affairs  that  I  am  frank  to  say  that  those  of  us  who  felt  some  re- 
sponsibility in  regard  to  the  matter  were  fearful  that  the  legislature 
would  be  so  influenced  by  that  report  that  it  might  result  in  the 
passage  of  prematurely  digested  legislation.  We  wished  to  avoid 
that,  and  we  frankly  confessed  that  we  had  merely  skimmed  the 
surface  of  the  subject  and  requested  an  opportunity  to  make  a 
more  thorough  investigation,  which  request  the  legislature  granted 
and  authorized  the  department  to  make  a  complete  investigation 
of  the  whole  subject  of  municipal  indel)tedness  in  Massachusetts. 
They  placed  sufficient  funds  at  my  disposal  to  do  that,  and  I  sent 
agents  into  every  city  and  town,  and  the  following  year  was  able 
to  make  the  first  complete  presentation  of  facts  in  regard  to  the 
municipal  debts  of  the  Commonwealth  which  had  ever  been  made. 
The  order  calling  for  the  investigation  incidentally  provided  that 
such  recommendations  for  legislation  as  might  seem  desirable 
should  be  made. 
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We  found  in  the  course  of  the  investigation  that  the  Municipal 
Indebtechiess  Act,  which  had  been  placed  on  the  statute  books 
first  in  1875,  —  up  to  that  time  there  was  absolutely  no  legislation, 
so  far  as  we  could  find,  governing  this  subject  at  all,  —  in  the  lapse 
of  thirty-five  years  had  very  largely  become  a  dead  letter.  The 
number  of  ways  which  our  municipalities  had  devised  to  evade  its 
provisions  were  extremely  ingenious,  and  we  found  that  some  towns 
were  issuing  bonds  or  long-term  notes  for  all  sorts  of  things,  such 
as  the  purchase  of  a  town  hearse  in  one  small  town;  in  another 
case,  to  publish  a  town  history;  and  the  other  instances  where 
debt  was  created  for  purely  current  expenses,  such  as  the  payment 
of  school  teachers'  salaries  and  so  forth,  are  too  numerous  to 
mention.  There  wasn't  any  doubt  but  that  under  the  old  law  the 
incurrence  of  debt  for  current  expenses  was  permissible  for  a  period 
of  ten  years,  —  that  is,  permissible  in  the  sense  that  it  was  legal,  — 
and  that  was  one  of  the  great  problems  that  confronted  us  in  ti-y- 
ing  to  draw  a  law  which  would  put  a  stop  to  that  practice. 

The  result  was  that  we  took  the  law  as  it  stood  on  the  statute 
books  and  revamped  it  and  provided  twe've  or  fifteen  specific 
objects  for  which  municipalities  could  borrow  money.  As  no  one 
could  be  found  who  could  define  the  term  "  current  expenses,"  it 
would  be  absolutely  useless  simply  to  pass  a  law  prohibiting  the 
creating  of  a  debt  for  current  expenses.  The  only  waj^  that  prob-" 
lem  could  be  met  was  by  selecting  those  purposes  which  every  one 
agreed  would  be  proper  objects  for  incurring  municijial  debt  and 
authorize  the  borrowing  for  those  purposes  and  then  absolutely 
prohibit  the  borrowing  for  any  other  purpose. 

The  periods  for  which  the  loans  should  run  were  fixed  so  as  to 
agree  with  the  life  of  the  object  for  which  the  loans  were  to  be 
secured.  As  far  as  water  districts  are  concerned,  I  don't  think 
any  change  was  made  in  the  statute. 

Regarding  the  method  of  amortizing  debt,  under  the  old  statute 
the  cities  and  towns  were  allowed  the  option  of  establishing  sink- 
ing funds.  In  the  original  Municipal  Inde])tedness  Act  of  1875 
sinking  funds  were  the  onl}^  method  recognized;  the  serial  method 
at  that  time  was  hardly  known.  In  1882  the  legislature  passed 
what  was  called  the  Serial  Loan  Act,  which  gave  numicipalities 
the  option  of  issuing  their  debt  by  the  seiial  method;    and  in  the 
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course  of  time  that  has  become  more  and  more  popular  and  finally 
reached  the  point  where  it  is  so  generally  recognized  as  the  proper 
method  of  paying  off  debt  that  one  very  important  provision  of 
this  new  act  was  a  clause  which  absolutely  prohibited  the  further 
establishment  of  sinking  funds  by  municipalities  and  required 
that  payment  be  made  by  the  serial  method. 

The  serial  method  of  paying  the  debt  had  been  provided  for  in 
the  old  statute,  but  it  was  very  loosely  worded  and  it  apparently 
didn't  mean  anything  to  our  municipalities,  especially  to  the 
towns,  because  they  fixed  their  own  interpretation  upon  it;  and 
we  found  that  a  very  popular  method  of  interpreting  the  law  was 
to  provide  that  very  small  payments  should  be  made  at  the  be- 
ginning of  the  term  and  should  gradually  increase,  postponing  the 
burden  to  the  next  generation;  and  we  found  evidences  of  what 
we  called,  for  lack  of  a  better  term,  "  ragged  "  serials.  They  would 
start  to  pay  a  portion  next  year  and  another  portion  the  following 
year,  and  then  they  would  skip  from  one  to  five  years  before  they 
would  begin  to  pay  again.  And  so  it  became  necessary  to  define 
with  some  exactness  the  term  "  serial,"  and  that  is  the  only  respect 
in  which  the  new  statute  can  be  said  to  supplant  the  old  with 
reference  to  this  matter.  The  new  law  merely  defined  the  meaning 
of  the  word  "  serial  '  without  in  any  other  way,  I  think,  really 
affecting  the  original  statute. 

At  the  time  that  we  made  our  report  to  the  legislature  we  were 
confronted  with  the  fact  that  no  matter  how  long  a  list  of  specified 
purposes  was  inserted  in  the  act  as  objects  for  which  cities  and 
towns  could  borrow,  there  would  necessarily  arise  from  time  to 
time  cases  in  numerous  municipalities  where  they  would  want  to 
borrow  money  for  some  specific  purpose  which  every  one  might 
agree  was  perfectly  legitimate  in  that  particular  case,  and  yet 
which  it  would  be  extremely  dangerous  to  incorporate  in  a  general 
law,  because  it  would  be  taken  undue  advantage  of.  I  think  you 
gentlemen  can  all  appreciate  the  point  of  that  argument.  How 
to  provide  for  these  cases  was  considerable  of  a  problem.  And  in 
making  my  recommendations  and  in  the  first  draft  of  the  bill,  a 
state  board  to  pass  upon  that  subject  was  provided  for;  but  the 
committee  to  which  this  report  was  referred  looked  askance  on  that 
proposition  and  felt  it  would  be  taking  away  from  the  legislature 
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certain  of  its  traditional  functions,  and  that  it  would  be  very 
difficult  indeed  to  get  such  a  proposition  through  the  legislature. 
In  fact,  I  think  the  committee  itself  was  very  strongly  opposed  to 
it,  and  it  was,  therefore,  decided  to  pass  this  general  act  and  leave 
it  to  the  municipalities  that  could  not  borrow  in  cases  of  emer- 
gency under  the  general  act  to  take  them  before  the  legislature 
and  ask  for  special  legislation. 

As  I  have  said,  we  had  these  two  investigations:  First,  a  pre- 
liminarj'  and  rather  superficial  investigation,  —  that  is,  while 
it  was  thorough  enough  as  far  as  it  went,  it  didn't  take  in  all  aspects 
of  the  subject  and  was  necessarily  made  in  a  short  space  of  time; 
and  then  a  more  comprehensive  investigation,  which  I  think  was 
generally  regarded  as  a  very  thorough  going  over  of  the  subject. 
We  took  our  time  for  it,  we  spent  nearly  a  year  on  it,  and  made 
our  report  to  the  legislature.  In  the  meantime  I  was  asked  to 
make  a  special  report  on  the  subject  of  sinking  funds  and  serial 
bonds,  which  resulted  in  the  incorporation  of  the  prohibitory 
clause  as  regards  sinking  funds  to  which  I  have  referred.  So  that 
the  Bureau  of  Statistics  made  three  investigations  of  this  subject. 

The  report  came  in  in  the  latter  part  of  the  session  of  1912, 
too  late  for  considerate  action  by  the  legislature  that  year,  and  they 
thought  the  matter  was  of  sufficient  importance  to  justify  the 
appointment  of  a  special  recess  committee,  and  such  a  committee 
was  appointed.  Our  report  was  entirely  a  statistical  report, 
based  upon  an  examination  of  the  local  accounts  and  statistics 
of  debt,  which  we  classified  as  well  as  could  be  done  under  the 
circumstances.  The  legislative  committee  approached  the  prob- 
lem from  an  entirely  different  angle.  They  took  this  report  as  a 
basis  of  inquiry  and  then  sunnnoned  before  them  the  mayors  of 
the  thirty-three  cities  of  the  Commonwealth  and  the  tax  collectors 
and  the  assessors  and  the  treasurers  and  the  auditors  of  the  cities, 
and  the  same  officials  of  about  seventy-eight  towns,  —  they 
couldn't  go  over  the  whole  list  of  three  hundi'ed  and  twenty  towns, 
—  and  these  towns  were  selected  as  to  size  and  geographical  loca- 
tion, and  the  committee,  I  believe,  even  traveled  in  the  western 
part  of  the  state,  so  that  they  got  a  pretty  good  line  on  the  situa- 
tion from  the  standpoint  of  the  local  officials,  and  their  report 
was  of  peculiar  value  froni  that  point  of  view.     They  made  their 
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report  to  the  Legislature  of  1913,  and  that  legislature  appointed  a 
special  committee  to  which  this  special  report  and  bill  were  re- 
ferred, and  the  local  officials  throughout  the  state  were  again 
notified. 

The  committee  did  not  satisfj^  itself  with  the  usual  somewhat 
perfunctory  advertising  of  the  hearings  in  the  newspapers,  but  the 
officials  throughout  the  state,  the  local  officials,  were  notified  and 
furnished  with  a  draft  of  the  bill  and  advised  that  if  they  had  any- 
thing to  say  about  it,  the  committee  would  be  very  glad  to  hear 
them.  The  point  I  am  trying  to  make  in  this  connection  is  that 
this  legislation  was  the  result  of  three  distinct  investigations  by 
the  Bureau  of  Statistics,  scientifically  made,  and  subjected  to 
subsequent  inquiry  and  going  over  of  the  subject  by  two  legis- 
lative committees,  —  one  of  which  sat  almost  continuously  on  the 
job,  with  hearings  day  after  day  for  three  or  four  months  during 
the  autumn  of  1912,  —  and  the  regular  standing  committee  of  the 
legislature;  so  that  this  legislation  really  ran  the  gauntlet  of, 
you  might  say,  five  investigations  and  inquiries;  and  I  think  I 
am  entirely  within  the  facts  when  I  express  the  opinion  that  no 
piece  of  legislation  ever  put  on  the  statute  books  of  the  Common- 
wealth was  more  thoroughly  predigested,  if  I  may  use  that  term, 
than  this  general  Municipal  Indebtedness  Law. 

I  think  that  Mr.  Sherman,  in  the  remark  that  he  interpolated 
in  his  paper,  in  a  measure  hinted  at  a  very  important  matter  that 
should  be  taken  into  consideration,  as  to  whether  the  liability  to 
abuse  in  the  letting  down  of  the  bars  in  this  matter  may  not  per- 
chance be  greater  than  the  conceivable  benefits  in  a  few  cases; 
and  that  is  obviously  something  that  we  will  all  agree  should  be 
given  very  careful  consideration,  and  which  no  doubt  will  be  given 
careful  consideration,  by  the  legislative  committee  when  this 
matter  comes  before  them. 

I  think  that  is  all  I  care  to  say  by  way  of  general  statement. 
If  Mr.  Waddell  has  anything  specific  which  he  would  like  to  offer, 
and  you  would  like  to  hear  him,  I  am  very  sure  he  would  be  glad 
to  speak  to  you.  Mr.  Waddell,  I  may  say,  is  the  Chief  of  the 
Municipal  Division  of  the  Bureau  of  Statistics,  which  as  a  depart- 
ment, as  you  doubtless  know,  covers  a  wide  range  of  statistical 
inquiry,  and  is  organized  into  several  divisions,  and  Mr.  Waddell 
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is  my  assistant  and  adviser  at  the  head  of  this  particidar  branch  of 
the  work. 

Mr.  T.  N.  Waddell.*  Mr.  President,  it  is  needless  to  say 
that  I  am  very  much  interested  in  this  particndar  legislation, 
since  during  the  past  three  years  the  greater  portion  of  my  time 
has  been  devoted  to  working  out  problems  of  financing  cities  and 
towns.  I  would  like  to  explain  why  the  section  mentioned  in  the 
paper,  which  permitted  the  borrowing  for  five  years  only  for  the 
extension  of  Avater  mains,  was  enacted.  It  was  for  this  reason: 
We  were  unable  to  convince  the  connnittec  that  the  general  law 
that  permitted  cities  and  towns  to  borrow  for  certain  purposes 
should  be  extended  and  that  municipalities  should  l)e  permitted 
to  borrow  for  water  purposes  under  the  ten  per  cent,  limitation 
clause.  The  proposition  was  how  to  eliminate  any  borrowing 
whatever  through  general  law  other  than  for  the  establishment 
of  new  plants.  It  was  shown  that  in  many  cities  and  towns  new 
sections  were  being  developed,  and  it  was  only  fair  that  some  bor- 
rowing be  permitted  for  such  development.  It  had  lieen  the  prac- 
tice, I  am  sorry  to  say,  to  make  these  l^orrowings  for  extensions 
for  thirty  years,  notwithstanding  the  fact  that  they  were  an- 
nually recurring  charges;  and  from  the  paper  I  take  it  that  Mr. 
Sherman  does  not  approve  of  borrowing  for  those  purposes  at  all. 
Yet  it  secMued  to  us  that  permitting  borrowing  for  five  years, 
which  would  take  care  of  the  development  of  certain  sections  of  a 
town,  would  permit  of  only  slight  abuse  should  you  consider  the 
town  as  borrowing  for  five  years  for  annually  recui'ring  expenses. 

The  section  as  to  districts  was  brought  to  our  attention  in  a 
very  forcible  manner.  As  the  certification  of  town  and  district 
notes  goes  through  our  office,  it  was  our  duty  to  determine  whether 
or  not  (in  oui-  opinion)  they  were  perfectly  legal;  and  having 
before  us  ceitain  disti'ict  loans,  the  question  was  raised.  On  what 
authority  are  these  to  be  issued?  The  fact  is  that  there  was  no 
authority  under  general  law  for  a  district  to  ])orrow  money,  and 
I  will  not  hazard  a  guess  as  to  the  amount  of  illegal  loans  out- 
standing to-day  on  account  of  districts.  It  is  capable  of  demon- 
stration that  there  are  some,  because  we  have  drawn  two  bills  to 
validate  loans  that  we  positively  knew  were  outstanding.     Last 

*  Chief  of  Municipal  Division,  State  Bureau  of  .Statistics. 
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year  we  undertook  to  draw  a  bill  for  refunding  a  certain  indebted- 
ness which  had  been  outstanding  for  twenty-nine  years,  without 
a  single  sohtary  cent  set  aside  for  the  payment  of  the  debt.  It 
seemed  to  us  that  with  the  ever-increasing  indebtedness,  some  step 
must  be  taken  to  at  least  reduce,  if  not  stop.  The  serial  method 
will,  in  a  way,  control;  as  a  matter  of  fact,  it  hasn't  reduced  in- 
debtedness thus  far.  The  indebtedness  for  water  supply  systems 
in  the  small  towns  of  our  Commonwealth — and  I  take  it  it  is  only 
the  small  towns  that  this  Association  is  deeply  interested  in  at 
this  time,  because  the  large  towns  and  the  cities  all  have  going 
concerns  —  actually  increased  in  1911  over  1910,  in  1912  over 
1911,  and  in  1913  over  1912.  For  those  reasons  we  feel  as  though 
the  annual  pajanent  clause  should  be  retained. 

From  certain  papers  which  I  have  read  I  find  that  there  is  a  way 
of  financing  these  extensions.  There  is  no  doubt  that  the  health 
question  enters  into  your  water  supply  systems,  and  it  isn't  the 
purpose  of  our  office  in  any  way  to  interfere  or  attempt  to  interfere 
with  any  legitimate  health  measure;  but  we  do  feel  that  yo'u  ought 
to  bring  the  matter  squarely  before  the  people  and  let  them  under- 
stand that  if  a  burden  is  to  be  placed  on  the  town  they  should  bear 
their  portion  of  it,  for  posterity  most  certainly  will  have  troubles  of 
its  own. 

In  financing  any  plant,  admitting  it  will  take  somewhere  near 
a  year  to  construct  the  plant,  the  statute  makes  ample  provision 
for  financing  with  a  temporary  loan,  and  when  the  plant  is  con- 
structed it  can  be  financed  then  by  a  permanent  loan,  and  that 
permanent  loan  will  represent  the  actual  amount  that  is  necessary 
to  construct  the  plant;  whereas  if  the  permanent  loan  is  made  in 
the  first  instance,  you  as  business  men  know  that  you  are  likely 
to  be  over  or  under,  and  sometimes  when  you  have  funds  on  hand 
it  is  a  question  where  you  want  to  place  them.  You  certainly 
don't  want  to  put  operating  costs  into  thirty-year  loans.  By 
financing  the  first  year  with  a  temporary  loan,  replaced  the  second 
year  with  a  permanent  loan,  you  have  two  years  in  which  to  obtam 
money  to  meet  your  first  charge  on  principal.  You  have  to  apply 
en  that  such  sums  as  will  be  obtained  from  premiums,  and  I  don't 
believe  it  is  necessary  to  enter  into  any  subterfuge  to  obtain  money 
from  premiums,  because  the  market  conditions  are  such  that  cer- 
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tain  rates  are  almost  demanded.  In  fact,  to-day,  even  although 
you  could  get  a  loan  on  a  3.85  or  a  3.79  basis,  it  would  be  insisted 
that  the  loan  should  l)e  written  on  a  4  per  cent,  basis;  so  it  seems 
to  me  that  the  burden  is  not  so  great  as  to  warrant  a  change  in  the 
statute  at  this  time. 

I  can  assure  you,  gentlemen,  from  the  little  experience  I  have 
had  with  legislative  committees,  that  if  a  new  concern  gets  five 
years'  exemption,  every  going  concern  will  get  five  years'  exemp- 
tion. That  is  certain  to  follow.  Not  infrequently  you  hear  it 
said:  "  So-and-so  got  five  years,  why  can't  I  have  it?  "  But  if 
you  have  a  rule,  and  constantly  live  up  to  it,  there  is  less  trouble 
and  less  grumbling;  and  I  believe  everyone  should  share  his  por- 
tion of  the  expense.  It  seems  to  me  that  this  is  no  more  than  we 
ought  to  insist  upon,  in  view  of  the  condition  of  the  finances  of  our 
cities  and  towns  to-day.  The  charge  on  account  of  interest  is 
simply  alarming,  and  an  increase  of  indebtedness  in  the  last  four 
years  of  some  .S15  000  000  in  our  cities  and  towns  brings  before 
you,  gentlemen,  something  that  you  want  to  take  into  considera- 
tion in  conjunction  with  your  water  supply  systems;  because  the 
water  rates  are  a  tax,  the  same  taxpayer  who  pays  the  water  rates 
is  the  taxpayer  who  pays  the  tax,  and  while  the  water  system  is 
usually  looked  upon  as  a  self-supporting  enterprise,  the  fact  re- 
mains, if  there  is  a  health  measure,  and  if  that  is  the  basis  of  your 
argument,  why  shouldn't  you  tax  the  property  holder  for  this 
health  measure,  just  as  you  tax  him  for  other  health  measures? 

The  burden  is  not  great,  and  in  but  few  instances  can  it  be  shown 
that  it  will  affect  the  tax  rate  more  than  a  dollar  on  a  thousand, 
and  we  can  show  you  case  after  case  where  the  poor  town  is  willing 
to  put  S3  or  $5  into  its  tax  rate  to  build  roads  for  the  automobilists 
to  ride  on  and  the  taxpayer  has  no  use  whatever  for  them  himself. 
I  don't  believe  the  burden  is  great  enough  to  justify  a  change  from 
the  seriously  considered  limitations,  and  the  increasing  ratio  has 
proved  that  you  are  going  to  get  almost  as  unwai"rantal)lc  a  situa- 
tion as  we  had  under  the  old  statute.  It  might  l)e  equalized,  but 
with  the  officials  with  whom  we  come  in  contact,  —  and  they  are 
as  honest  as  the  day  is  long,  —  it  would  be  utterly  impossible 
without  expense  for  legal  advice  for  them  legally  to  issue  indel)ted- 
ness  along  those  lines. 
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Nothing  should  l^e  done  to  prevent  a  city  or  town  or  a  district 
from  supplying  itself  with  water,  but  everything  should  be  done  to 
encourage  each  district  to  bear  its  portion  of  the  burden.  If  the 
town  is  too  large  to  be  supplied,  organize  your  district.  And  it 
was  for  that  very  reason  that  we  were  anxious  to  secure  some  legis- 
lation whereby  districts  could  l^orrow  for  exactly  the  same  pur- 
poses permitted  to  cities  and  towns,  as  we  knew  of  no  statute  and 
no  general  law  under  which  they  could  borrow  for  more  than 
temporary  purposes,  namely,  a  one-year  loan. 

Mr.  Hiram  A.  Miller.*  Mr.  President,  I  was  very  much 
interested  in  the  bill  of  1913,  and  am  now.  I  think  it  was  a  good 
bill,  as  towns  and  cities  are  too  apt  to  postpone  and  to  leave 
posterity  to  pay  bills  which  they  should  pay  themselves.  While 
the  amendments  which  are  proposed  do  not,  I  think,  in  general 
materially  affect  the  general  principle  of  the  bill  of  1913,  I  think 
that  the  one  which  postpones  the  first  payment  for  five  years  and 
then  requires  payment  of  only  one  half  as  much  in  any  year  as 
may  be  paid  in  any  subsequent  year  defeats  the  very  object  of 
the  bill  of  1913.  On  a  thirty-year  loan  this  would  permit  a 
municipality  to  let  the  loan  run  for  five  years  without  any  payment 
of  principal,  and  then  for  the  next  twelve  years  to  pay  only  one 
half  as  much  as  for  the  last  thirteen  years,  the  result  being  that 
the  municipality  would  postpone  until  the  last  one  third  of  the 
time  for  which  the  bonds  run  the  payment  of  over  one  half  of  the 
bonds,  and  probably  at  that  time  the  municipality  would  want 
an  additional  extension  of  the  water  works  and  they  would  not 
only  have  to  finance  that,  but  to  pay  off  in  ten  years  over  one  half 
of  the  loan  which  had  been  made  twenty  to  thirty  years  previous. 
For  that  reason  I  think  that  amendment  to  the  existing  law  is 
altogether  too  radical  and  should  not  be  adopted. 

On  the  question  of  postponing  payments  of  principal  for  five 
years;  on  account  of  the  small  revenue  that  would  be  received  the 
first  two  or  three  years,  and  on  account  of  the  fact  that  there  would 
be  a  good  deal  of  interest  to  be  paid  during  the  construction  and 
before  the  works  were  of  any  great  value  to  the  community,  —  I 
think  the  postponement  of  it  for  five  years,  and  also  the  postpone- 
ment of  special  improvements  in  the  way  of  large  mains,  etc.,  for 

*  Consulting  Engineer,  Boston,  Mass. 
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five  years,  would  be  proper  enough  and  wouldn't  materially  change 
the  general  principle  of  the  bill  of  1913;  but  the  amendment  to 
prevent  a  municipality  to  pay  less  in  any  year  than  in  any  subse- 
quent year  I  am  very  strongly  opposed  to. 

Mr.  Sherman  (hy  letter,  April  18, 1916).  Petition  for  the  legis- 
lation suggested  in  the  foregoing  paper  was  duly  presented  to 
the  legislature  and  was  referred  to  the  Committee  on  Municipal 
Finance,  which  gave  a  hearing  in  regular  form,  at  which  a  number 
of  persons  argued  in  favor  of  the  bill  apd  none  in  opposition.  After 
*  considerable  further  deliberation  the  committee  reported  in  favor 
of  a  portion  of  the  legislation  asked  for,  and  the  legislature  adopted 
their  recommendation  in  the  following  Act: 

[GENERAL   ACTS.] 

[Chap.  62.] 

An  Act  relative  to  the  payment  by  cities  and  towns  of  bonds  issued 

FOR   water   supply    PURPOSES. 

Be  it  enacted,  etc.,  as  follows: 

Section  1.  Section  fourteen  of  chapter  seven  hundred  and  nineteen 
of  the  acts  of  the  year  nineteen  hundred  and  thirteen  is  hereby  amended 
by  adding  at  the  end  thereof  the  following:  —  pronded,  however,  that  in 
the  case  of  bonds  or  notes  issued  in  accordance  with  clause  (2)  of  section 
six  of  this  act  the  first  of  such  annual  payments  shall  be  made  not  later  than 
three  years  after  the  date  of  the  bonds  or  notes  issued  therefor,  —  so  as  to 
read  as  follows:  —  Section  14-  Cities  and  towns  shall  not  issue  any  notes 
payable  on  demand,  and  they  shall  provide  for  the  payment  of  all  debts, 
except  those  incurred  under  the  provisions  of  sections  three,  four  and  nine, 
by  such  annual  payments  as  will  extinguish  the  same  at  matiu-ity,  and  so 
that  the  first  of  such  annual  payments  on  account  of  any  loan  shall  be  made 
not  later  than  one  year  after  the  date  of  the  bonds  or  notes  issued  therefor, 
and  so  that  the  amount  of  such  annual  payments  in  any  year  on  accoimt  of 
such  debts,  so  far  as  issued,  shall  not  be  less  than  the  amount  of  principal 
payable  in  any  subsequent  year,  and  such  annual  amount,  together  with  the 
interest  on  all  debts,  shall,  without  further  vote,  be  assessed  until  the  debt 
is  extinguished:  provided,  however,  that  in  the  case  of  bonds  or  notes  issued 
in  accordance  with  clause  (2)  of  section  six  of  this  act  the  first  of  such  annual 
payments  shall  be  made  not  later  than  three  years  after  the  date  of  the  bonds 
or  notes  issued  therefore. 

Section  2.  Section  five  of  chapter  eighty-five  of  the  General  Acts  of 
the  year  nineteen  hundred  and  fifteen  is  hereby  amended  by  adding  at  the 
end  thereof  the  following:  —  provided,  however,  that  the  first  of  such  annual 
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payments  on  account  of  a  loan  incurred  for  the  original  construction  or  pur- 
chase of  a  water  works  system  shall  be  made  not  later  than  three  years  after 
the  date  of  the  bonds  or  notes  issued  therefor,  — -  so  as  to  read  as  follows:  — 
Section  5.  Districts  shall  not  issue  any  notes  payable  on  demand,  and  they 
shall  provide  for  the  payment  of  all  debts,  except  those  inciu-red  under  the 
provisions  of  sections  three  and  nine  of  chapter  seven  hundred  and  nineteen 
of  the  acts  of  the  year  nineteen  hundred  and  thirteen,  as  amended,  by  such 
annual  payments  as  will  extinguish  the  same  at  matiu-ity,  and  in  such  manner 
that  the  first  of  such  annual  payments  on  account 'of  any  loan  shall  be  made 
not  later  than  one  [year  after  the  date  of  the  bonds  or  notes  issued  therefor, 
and  that  the  amount  of  the  annual  payment  in  any  year  on  account  of  any 
such  debt,  so  far  as  it  may  be  issued,  shall  not  be  less  than  the  amount  of 
principal  payable  in  any  subsequent  year:  and  such  annual  amounts,  to- 
gether with  the  interest  on  all  debts,  shall,  without  further  vote,  be  assessed 
until  the  debt  is  extinguished:  provided,  however,  that  the  first  of  such  annual 
payments  on  account  of  a  loan  incurred  for  the  original  construction  or  pur- 
chase of  a  water  works  system  shall  be  made  not  later  than  three  years  after 
the  date  of  the  bonds  or  notes  issued  therefor. 

Section  3.     This  act  shall  take  effect  upon  its  passage.     [Approved  March 
21,  1016.] 
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MUNICIPAL  WATER- WORKS    FINANCING    IN    MASSA- 
CHUSETTS AS  AFFECTED  BY  RECENT  LEGISLATION. 

BY    CHARLES    W.    SHERMAN,   WILLIAM    S.    JOHNSON,   AND     HENRY    A. 

SYMONDS. 

It  is  generally  accepted  as  a  self-evident  truth  that  a  revenue- 
producing  public-service  enterprise,  whether  or  not  owned  by  the 
municipality,  should  be  self-supporting.  The  writers  feel  very 
strongly  that  this  view  is  the  only  correct  one,  and  that  anything 
which  renders  it  difficult  or  impossible  for  a  water-works  system 
to  maintain  itself  financially  is  only  a  trifle  less  objectionable  than 
taking  awa}"  the  revenue  of  a  water-works  system  for  maintaining 
streets  or  other  general  public  uses.  Under  present  laws,  how- 
ever, it  is  impossible  in  Massachusetts  for  a  newly  estal^lished 
water  works  to  meet  its  obligations,  and  it  must  be  supported  in 
considerable  measure  out  of  general  taxation,  thus  bringing  a 
heavy  burden  upon  taxpayers  who  may  not  be  directly  benefited 
by  the  introduction  of  w'ater.  It  is  the  purpose  of  the  writers  to 
show  how  present  laws  affect  these  conditions  and  to  suggest  a 
remed3\ 

In  former  years,  the  possibility  of  so  arranging  the  loans  for 
water-works  construction  that  payment  of  principal  might  be 
deferred  until  the  works  should  have  had  opportunity'  to  develop 
a  revenue  has  been  in  man\'  cases  a  potent  factor  in  securing  the 
establishment  of  water-works  systems;  but  the  present  laws  have 
changed  all  this  and  it  is  no  longer  possible  to  make  such  arrange- 
ments of  bonds  except  by  virtue  of  special  legislation,  which  it 
is  very  difficult  to  obtain  when  opposed  to  existing  general  laws. 

Until  1913,  water-works  construction  in  municipally  owned 
plants  in  Massachusetts  could  be  financed  by  bonds  running  for  a 
period  not  exceeding  thirty  years  (except  as  otherwise  stipulated 
in  special  legislation),  due  provision  being  made  for  retiring  such 
bonds  by  sinking  funds  or  by  serial  payments.     This  was  in  ac- 


280  MUNICIPAL    WATER-WORKS    FINANCING. 

cordance  with  general  laws  (Revised  Laws  of  Massachusetts,  1902, 
Chap.  27,  Sects.  11,  12,  and  13),  and  there  was  no  distinction 
between  original  construction  and  extensions  of  works. 

Until  1910  there  was  no  provision  of  law  governing  the  disposal 
of  premiums  obtained  from  the  sale  of  such  bonds.  At  least  in 
some  cases,  such  premiums  have  been  diverted  to  other  municipal 
purposes,  perhaps  for  maintenance  work  not  in  any  way  related 
to  the  purposes  for  which  the  bonds  were  issued.  In  1910,  on  the 
petition  of  one  of  the  writers,  the  legislature  passed  Chapter  379 
of  the  Acts  of  that  year,  providing  that  in  case  of  sinking  fund 
bonds  any  premium  received  should  be  added  to  the  sinking  fund, 
and  the  annual  contribution  correspondingly  reduced,  and  that 
in  the  case  of  serial  bonds  the  premium  should  be  used  in  retiring 
the  bonds  first  to  mature. 

In  1913  the  legislature  passed  an  Act,  Chapter  719,  radically 
changing  the  conditions  affecting  water-works  finances.  This 
act  provided,  in  Section  6,  that  cities  and  towns  may  incur 
debts  outside  the  debt  limit,  for  a  period  not  exceeding  thirty 
years^  for  the  establishment  or  purchase  of  a  S3^stem  of  water- 
works, or  for  the  purchase  of  land  for  the  protection  of  a  water 
system,  or  for  acquiring  water  rights;  but  for  the  extension  of 
water  mains  and  for  water  departmental  equipment  the  term  of 
such  loans  was  limited  to  five  years.  It  was  further  provided 
that  the  proceeds  of  the  sale  of  any  such  bonds,  with  the  exception 
of  premiums,  should  be  used  only  for  the  purposes  specified  in 
the  authorization  of  the  loan,  except  that  transfers  of  unexpended 
amounts  might  be  made  to  other  accounts  to  be  used  for  similar 
purposes.  The  disposition  of  premiums,  as  stipulated  by  the 
Act  of  1910,  remained  unchanged.  Section  8  provided,  among 
other  things,  that  bonds  might  be  issued  "  at  such  rates  of  in- 
terest as  may  be  deemed  proper,"  and  that  they  should  be  sold 
at  not  less  than  par.  Section  13  provided  that  no  further  sinking 
fund  bonds  should  be  issued,  and  Section  14  reciuired  that  all  new 
bonds  be  retired  by  annual  payment,  the  first  payment  to  be  made 
not  later  than  one  year  after  the  date  of  the  bonds,  and  the  pay- 
ment of  principal  in  any  year  not  to  be  less  than  the  amount  pay- 
able in  any  subsequent  year. 

It  will  be  seen  that  this  act  radically  changed  the  conditions 
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under  which  money  might  be  borrowed  for  water-works  exten- 
sions. While  loans  for  the  construction  of  new  works  or  the  pur- 
chase of  old  ones,  for  acquiring  water  rights  or  land  for  the  pro- 
tection of  the  water  supply,  may  run  for  thirty  years,  all  other 
extensions  of  water  works  must  be  financed  on  a  five-year  basis. 
It  will  also  be  noted  that  in  retiring  serial  bonds,  the  first  pay- 
ment must  be  made  within  one  year  of  the  date  of  the  bond,  and 
the  payments  in  the  earlier  years  must  be  at  least  as  large  as,  and 
in  many  cases  larger  than,  in  later  years. 

These  conditions  are  all  of  such  a  nature  as  to  cause  hardship 
in  a  great  many  cases,  or  else,  in  a  large  measure,  to  neutralize 
the  attempts  which  have  been  made  by  people  interested  in  water- 
works financing  to  so  arrange  matters  that  water  works  shall  be 
wholly  self-supporting. 

It  is  obvious  that  if  water-works  constructions  are  of  such  a 
length  of  life  that  thirty-year  bonds  are  reasonable  in  the  case  of 
new  works  or  in  the  purchase  of  existing  works,  they  would  be 
equally  reasonable  in  the  case  of  extensions.  It  is  well  known 
that  very  little  in  the  nature  of  water-works  construction  has  a 
useful  life  of  less  than  thirty  years,  and  much  of  the  work  has  a 
very  much  greater  life.  Thus  there  is  no  practical  possibility  of 
future  generations  being  called  on  to  pay  debt  requirements  for 
works  which  have  then  disappeared,  even  in  the  case  of  thirty- 
year  loans.  Doubtless  it  is  not  good  financing  to  borrow  money 
year  after  year  for  comparatively  small  expenses,  which  are  an- 
nually recurring,  such,  for  instance,  as  may  be  demanded  by  the 
annual  requirement  of  installing  meters,  service-pipe  connections, 
and  for  ordinary  extensions  of  main  pipe  to  reach  new  houses, 
under  average  conditions.  The  best  financial  policy  is  unquestion- 
ably to  take  care  of  such  requirements  out  of  revenue.  On  the 
other  hand,  special  requirements  of  certain  years,  such  as  an  un- 
usual reinforcement  of  the  main  pipe  system,  the  installation  of  a 
new  supply,  the  construction  of  a  new  pumping  unit  or  reservoir, 
may  well  call  for  an  expenditure  in  addition  to  the  ordinary  annual 
expenditure  for  extensions,  which  it  is  impracticable  to  meet  out 
of  the  revenue  of  a  single  year,  or,  indeed,  out  of  the  revenue  of  five 
years,  without  so  loading  the  revenue  as  to  make  impossible  the 
payment  of  fixed  charges  which,  under  the  provisions  of  law,  would 
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make  necessary  the  assessment  of  interest  and  debt  requirements 
out  of  taxation. 

This  condition  may  be  illustrated  by  the  case  of  the  Town  of 
Belmont,  where  it  has  been  customary  for  many  years  to  take  care 
of  ordinary  extensions,  as  well  as  interest,  sinking-fund  and  serial- 
bond  requirements,  out  of  water-department  revenue.  Prior 
to  1910  the  ordinary  requirements  for  construction  of  mains  were 
about  $2  500  annually,  and  from  1911  to  1914,  inclusive,  they 
have  ranged  from  $4  500  to  $9  000  annually.  In  1913,  owing  to 
the  very  rapid  growth  of  the  town,  the  water  works  was  faced 
with  the  necessity  of  laying  a  considerable  amount  of  large-sized 
pipe  to  reinforce  the  distribution  system.  The  estimated  cost 
of  this  improvement  was  $17  000,  in  addition  to  the  ordinary 
requirements  for  extensions  of  mains  to  new  houses.  It  would 
obviously  have  been  impossible  to  meet  any  such  sum  out  of  the 
current  revenue.  Even  under  a  five-year  loan,  as  required  by  the 
present  law,  the  annual  requirement  for  maturing  bonds  and 
interest  would  have  ranged  from  $4  265*  in  the  first  year  to  $3  135* 
in  the  fifth  year,  or  nearly  as  much  as  the  entire  sum  required  for 
ordinary  annual  extensions.  To  meet  any  such  requirement 
would  have  necessitated  curtailing  other  necessary  expenses  or 
funding  them  in  the  form  of  five-year  loans.  As  a  matter  of  fact, 
—  the  law  above-referred  to  not  having  been  enacted  at  the  time 
this  matter  came  up  for  discussion,  —  the  bonds  were  issued  for  a 
thirty-year  term,  with  the  result  that  the  annual  interest  and 
serial-bond  requirement  was  $1  765  the  first  year  and  $1  630  the 
fourth  year  ($1  000  of  bonds  maturing  annually  during  this  period), 
and  ranged  from  SI  085  in  the  fifth  year  to  $522.50  in  the  thirtieth 
year,  during  which  period  $500  of  bonds  matured  annually.  These 
sums,  added  to  the  regular  requirements,  do  not  materially  in- 
crease the  burden  upon  the  works. 

The  folly  of  borrowing  for  annually  recurring  expenditures  for 
ordinary  extensions  under  the  five-year  loan  proposition  may  be 
illustrated  by  the  following  case :  Assumed  annual  requirement  for 
extension,  $8  000,  funded  in  five-year  bonds,  maturing  $1  600  each 
year;  rate  of  interest,  4  per  cent.  During  the  first  four  years  the 
annual  requirement  for  maturing  bonds  and  interest  would  in- 

*  Interest  rate,  4^%. 
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crease  from  $1  920  to  S7  296,  and  thereafter  would  remain  uniform 
at  $8  960;  in  other  words,  after  the  fifth  year  there  would  be  spent 
each  year  $8  960  to  do  S8  000  of  work,  and  there  would  be  $24  000 
of  bonds  constantly  outstanding.  The  case  is  even  worse  for 
bonds  issued  for  longer  periods;  that  is  to  say,  borrowing  for  annu- 
ally recurring  expenses  results  in  material  losses. 

The  only  escape  from  such  hardship  as  would  exist  in  the  case 
of  Belmont,  cjuoted  above,  would  seem  to  be  to  obtain  a  special 
act  of  the  legislature  authorizing  a  longer  term  for  the  particular 
loan  under  consideration,  and  such  special  acts  are  difficult  to 
obtain. 

The  provision  of  law  which  requires  that  serial  bonds  shall  be 
retired  by  payments,  the  first  of  which  shall  be  made  not  later 
than  one  year  from  the  date  of  the  bonds,  and  which  shall  not  be 
less  than  in  any  succeeding  year,  is  also  a  hardship,  particularly 
m  the  case  of  new  works.  Assume,  for  instance,  the  case  of  a 
small  town  constructing  a  water-works  system  costing  .$60  000. 
For  the  construction  of  the  new  works  its  bonds  may  run  for  a 
period  of  thirty  years,  but  it  must  begin  to  pay  serial  bonds  not 
later  than  one  year  from  the  date  of  issue,  — •  that  is,  by  the  end 
of  one  year  it  must  pay  at  least  $2  000  in  bonds  in  addition  to  the 
interest  on  the  whole  $60  000  for  the  year.  In  all  probability, 
nearly  a  year  from  the  date  of  borrowing  the  money  will  elapse 
before  the  works  can  be  completed  and  put  in  operation,  and  the 
sum  to  be  received  in  earnings  during  this  time  is  insignificant. 
It  is,  therefore,  impossible  that  the  earnings  of  the  water  depart- 
snent  shall  have  provided  a  sum  sufficient  to  pay  interest  and  serial 
bonds  in  addition  to  such  operating  expenses  as  may  have  been 
incurred  during  that  period.  Therefore,  under  the  provisions  of 
law,  it  will  be  necessary  for  the  assessors  to  assess  the  interest  and 
bond  requirements  as  a  part  of  the  tax.  During  the  early  years, 
when  none,  or  at  most  but  a  small  part,  of  the  bonds  have  been 
retired,  the  interest  payments  are  at  their  maximum,  so  that  the 
total  demands  for  interest  and  maturing  bonds  are  most  severe  at 
the  time  when  the  works  have  not  developed  a  revenue  and  are  in 
the  worst  condition  to  meet  them.  Imagine  a  private  company 
trying  to  conduct  business  on  this  basis!  How  long  would  it 
continue  to  exist? 
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A  possible  mode  of  evading  this  condition  exists  under  the 
present  requirement  with  regard  to  premiums.  It  will  be  noted 
that  the  bonds  may  be  issued  at  such  rates  of  interest  as  may  be 
reasonable.  At  the  present  time  there  is  a  good  market  for  muni- 
cipal bonds  in  Massachusetts  at  4  per  cent.,  and  a  sHght  premium 
can  be  obtained.  Assuming  new  works  to  be  started  at  this  time, 
it  might  be  decided  to  issue  the  bonds  at  4|  per  cent,  or  4|  per 
cent.,  and  such  bonds  would  command  a  handsome  premium, 
sufficient  to  take  care  of  the  first  bonds  to  mature,  —  possibly 
for  those  maturing  within  the  first  two  or  three  years,  during 
which  period  the  works  may  get  upon  such  a  basis  that  the  revenue 
can  care  for  the  debt  requirements. 

The  difficulties  of  meeting  this  situation  are  increased  by  the 
provision  that  the  payment  of  principal  shall  in  no  year  be  less 
than  that  of  any  subsequent  year.  For  instance,  assuming  a 
small  town  building  water  works  to  cost  $40  000,  and  issuing  bonds 
for  thirty  years.  If  the  common  practice  of  issuing  bonds  in 
$1  000  pieces  is  followed,  it  will  be  necessary  to  retire  not  less 
than  $2  000  of  l^onds  each  year  during  the  first  ten  years;  while 
during  the  succeeding  twenty  years  the  amount  to  be  retired  will 
be  but  $1  000  every  year.  The  interest  requirement  (at  4  per 
cent.)  would  be  $1  600  the  first  year  and  but  $40  in  the  thirtieth 
year,  making  total  charges  of  $3  600  in  the  first  year,  as  against 
$1  040  in  the  thirtieth  year.  Thus  the  load  on  the  water  revenue 
is  greatest  at  the  time  when  the  revenue  is  smallest  and  least  able 
to  meet  heavy  expenses.  The  water  earnings  will  certainly  be 
unable  to  stand  the  strain,  and  it  will  be  necessary  to  call  upon 
general  taxation  to  carry  the  work  during  the  earlier  years.  In 
such  a  case  it  is  likely  that  the  water  rates  would  l^e  reduced  after 
ten  or  twenty  years,  as  the  fixed  charges  would  then  be  so  small, 
and  the  taxpayers  would  thus  be  paying  during  the  early  years 
of  the  works  for  water  used  by  water  consumers  in  later  years; 
while  many  of  these  taxpayers,  living  in  outlying  sections,  would 
be  benefited  only  indirectly  by  the  water-works  system. 

Such  conditions  as  are  outlined  above  obviously  discourage 
the  installation  of  new  water  works.  The  taxpayers,  at  least  if 
the  conditions  are  carefully  analyzed  in  advance,  will  feel  that 
they  are  not  only  asked  to  lend  their  credit  for  water-works  bonds, 
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but  that  for  a  number  of  j^ears  durinp;  the  early  history  of  the  works 
they  must  advance  material  sums  out  of  the  tax  revenue  to  keep 
the  works  going.  Under  such  conditions  the  construction  of 
water  works  will  l)e  postponed  as  long  as  possible. 

It  will  be  noted  that  the  Act  of  191.3  applies  only  to  cities  and 
towns.  It  was  therefore  still  possible  for  water  districts  to  issue 
bonds  upon  a  different  basis  without  contravening  existing  law, 
and  this  was  done  in  a  number  of  cases  between  1913  and  1915. 
It  was  usually  provided  in  issuing  such  loans  that  the  first  pay- 
ment of  principal  should  be  made  five  years  after  the  date  of  the 
bonds. 

Unfortunately,  however,  a  bill  was  introduced  to  the  legislature 
of  1915,  which  extended  the  restriction  to  water  districts,  and  as 
the  title  of  the  bill  was  somewhat  blind  and  as  it  was  referred  to 
the  Committee  on  ^Municipal  Finance  and  not  to  the  Committee 
on  Water  Supply,  water-works  men  in  general  did  not  discover 
that  such  a  proposition  was  under  consideration  until  it  was  too 
late  to  take  any  action,  and  Chapter  85  of  the  Acts  of  1915  had 
been  passed.  This  chapter,  by  Section  5,  practically  extends  the 
provision  of  the  Act  of  1913,  above  referred  to,  so  that  in  the  case 
of  water  districts,  as  in  the  case  of  cities  and  towns,  the  first  pay- 
ment of  serial  loans  must  be  made  not  later  than  one  year  from 
the  date  of  the  issue  of  the  bond. 

It  is  believed  that  the  bills  to  which  we  have  herein  taken  ob- 
jection were  introduced  into  the  legislature,  and  enacted  by  it, 
with  the  best  of  intentions,  but  without  realizing  what  their  effect 
must  necessarily  be.  We  believe,  however,  that  the  examples 
cited  above,  and  numberless  others  which  might  be  quoted,  show 
that,  whatever  benefits  may  have  resulted  from  these  acts, — 
and  it  is  not  clear  to  us  that  there  have  been  any  benefits,  —  they 
have  been  obtained  at  the  expense  of  other  more  desirable  con- 
ditions. The  undesirability  of  special  legislation,  except  in  cases 
of  real  necessity,  is  generally  recognized.  Yet  the  existing  laws 
practically  force  every  water- works  system  to  applj^  for  siiecial 
legislation  in  the  case  of  any  unusual  expenditure.  The  advantage 
of  a  municipal  public-service  enterprise  being  self-supporting  is 
also  admitted,  but  the  present  laws  make  it  difficult,  and  in  some 
cases  impossible,  for  this  result  to  be  attained.     The  desirability 
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of  the  introduction  of  a  public  supply  of  water  in  municipalities 
of  an}'  considerable  size  is  unquestionable,  and  most  of  us  believe 
that,  where  there  is  sufficient  public  spirit  in  a  community,  it  is 
wiser  that  such  works  be  built  by  the  municipality  rather  than 
by  a  private  company.  The  existing  laws,  however,  throw  such 
difficulties  in  the  wa}-  of  successfully  starting  such  an  enterprise 
as  to  practically  prohibit  further  construction  in  this  way  by 
the  public.  The  effect  must  necessarily  be  the  original  construc- 
tion of  such  works  by  private  companies.  If  municipal  ownership 
is  desired,  it  will  be  necessary  that  the  municipality  wait  until 
the  private  enterprise  is  on  a  paying  basis,  when  it  may  be  ex- 
pected that  the  income  from  the  established  business  will  be  suffi- 
cient to  carry  the  necessary  investment. 

The  writers  of  this  paper  have  petitioned  the  present  legislature 
for  an  amendment  to  the  existing  laws,  which  will,  it  is  believed, 
correct  the  conditions  outlined  in  this  paper.  The  present  laws, 
and  their  form  if  amended  as  suggested,  are  as  follows : 


Existing  Laws. 
Chapter  719,  Acts  of  1913. 

Sect.  6.  Citie.s  and  towns  may' 
incur  debt,  outside  the  limit  of  in- 
debtedness prescribed  in  this  act, 
for  the  following  purposes  and  pay- 
able within  the  periods  hereinafter 
specified : 

(1)  For  temporary  loans  under 
the  provisions  of  sections  three,  four 
or  nine,  one  year. 

(2)  For  establishing  or  purchasing 
.■a  system  for  supplying  the  inhabi- 
tants of  a  city  or  town  with  water,  or 
for  the  purchase  of  land  for  the  pro- 
tection of  a  water  system,  or  for 
.acquiring  water  rights,  thirty  years. 

(3)  For  the  extension  of  water 
xnains  and  for  water  departmental 
equipment,  five  years. 


Changes   Suggested   by   Proposed 
Amendments. 


(Unchanged.) 


(Unchanged.) 


(3)  For  the  extension  of  water 
mains  and  for  the  construction 
of  reservoirs,  standpipes,  pumping 
stations,  and  pumping  equipment, 
twenty  years. 
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Existing  Laws. 


(4)*  For  establishing,  purchasing, 
extending  or  enlarging  a  gas  or 
electric  lighting  plant  within  the 
limits  of  the  territory  within  which 
such  gas  or  electric  lighting  plant  is 
authorized  to  distribute  its  product, 
t  went  J'  years;  but  the  indebtedness 
so  incurred  shall  be  limited  to  an 
amount  not  exceeding  in  a  town  five 
per  cent,  and  in  a  city  two  and  one- 
haK  per  cent,  of  the  last  preceding 
assessed  valuation  of  such  town  or 
city. 

Sect.  14.  Cities  and  towns  shall 
not  issue  any  notes  payable  on  de- 
mand, and  they  shall  provide  for 
the  payment  of  all  debts,  except 
those  incurred  under  the  provisions 
of  sections  three,  four  and  nine,  bj' 
such  annual  payments  as  will  ex- 
tinguish the  same  at  maturitj',  and 
so  that  the  first  of  such  annual  pay- 
ments on  account  of  any  loan  shall 
be  made  not  later  than  one  year  after 
the  date  of  the  bonds  or  notes  issued 
therefor,  and  so  that  the  amount 
of  such  annual  payments  in  any  year 
on  account  of  such  debts  so  far  as 
issued  shall  not  be  less  than  the 
amount  of  principal  payable  in  any 
subsequent  year,  and  such  annual 
amount,  together  with  the  interest 
on  all  debts,  shall,  without  further 
vote,  be  assessed  until  the  debt  is 
extinguished. 


Changes  Suggested  by  Proposed 
Amendments. 
(4)  For  the  purchase  and  installa- 
tion of  water  meters  and  for  other 
water  departmental  equipment  not 
included  in  Clause  3,  ten  j'ears. 

(Clause    5    will    be    old    Clause    4 
unchanged  but  renumbered.) 


(Unchanged.) 


Add,  —  provided,  however,  that 
in  the  case  of  bonds  issued  in  accord- 
ance with  Clause  2  of  Section  6  of 
this   Act,    the   first   of   such    ainiunl 


*  As  amended  b.v  Chapter  115,  Acts  of  1915 
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Existing  Laws. 


Chapter  So,  Acts  of  1015. 

Sect.  5.  Districts  shall  not  issue 
any  notes  payable  on  demand,  and 
they  shall  provide  for  the  payment 
of  all  debts,  except  those  incurred 
under  the  provisions  of  sections  3 
and  9  of  chapter  seven  hundred  and 
nineteen  of  the  acts  of  the  year 
nineteen  hundred  and  thirteen,  as 
amended,  by  such  annual  payments 
as  will  extinguish  the  same  at  ma- 
turity, and  in  such  manner  that  the 
first  of  such  annual  payments  on 
account  of  any  loan  shall  be  made 
not  later  than  one  year  after  the 
date  of  the  bonds  or  notes  issued 
therefor,  and  that  the  amount  of 
the  annual  payment  in  any  year  on 
account  of  any  such  debt,  so  far  as 
it  may  be  issued,  shall  not  be  less 
than  the  amount  of  principal  pay- 
able in  any  subsequent  year;  and 
such  annual  amounts,  together  with 
the  interest  on  all  debts,  shall, 
without  further  vote,  be  assessed 
until  the  debt  is  extinguished. 


Changes  Suggested   by    Proposed 

Amendments. 
pajonents  shall  be  made  not  later 
than  five  years  after  the  date  of  the 
bonds  or  notes  issued  therefor,  and 
the  amount  of  annual  payment  in 
any  year  on  account  of  such  bonds 
shall  not  be  less  than  one  half  the 
amount  of  principal  payable  in  any 
subsequent  year. 

(Unchanged.  "> 


Add,  —  provided,  however,  that 
the  first  of  such  annual  payments  on 
account  of  a  loan  incurred  for 
the  original  construction  or  purchase 
of  a  water-works  system  shall  be 
made  not  later  than  five  years  after 
the  date  of  the  bonds  or  notes  issued 
therefor,  and  that  the  amount  of  the 
annual  payment  in  any  year,  on 
account  of  any  such  debts  for  the 
original  construction  or  purchase  of 
such  water-works  system,  so  far  as 
it  may  be  issued,  shall  not  be  less 
than  one  half  the  amount  of  the 
principal  payable  in  any  subsequent 
year. 
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PROCEEDINGS. 

Hotel  Brunswick, 
Boston,  Mass.,  March  8,  1916. 

William  F.  Sullivan,  President,  in  the  chair. 

The  following-named  members  and  guests  were  present: 

Honorary  Members. 
E.  C.  Brooks,  R.  C.  P.  Coggoshall,  Albert  S.  Glover,  Frank  E.  Hall.  —  4. 

Members. 

S.  A.  .\gncvv,  C.  L.  Baker,  L.  M.  Bancroft,  F.  A.  Barbour,  A.  E.  Blackmcr, 
J.  W.  Blackmer,  C.  A.  Bogardus,  G.  A.  Carpenter,  J.  C.  Chase,  H.  S.  Clark, 
H.  W.  Clark,  John  Cullen,  J.  M.  Diven,  E.  D.  Eldredge,  G.  F.  Evans,  F.  F. 
Forbes,  Patrick  Gear,  H.  T.  Gidley,  F.  J.  Gifford,  H.  J.  Goodale,  J.  W.  Graham, 
R.  K.  Hale,  A.  R.  Hathaway,  D.  A.  Heffernan,  W.  F.  Howland,  J.  L.  Howard, 
A.  C.  Howes,  J.  A.  Hoy,  E.  F.  Hughes,  G.  A.  Johnson,  W.  S.  John.son,  E.  W. 
Kent,  Willard  Kent,  Patrick  Kiernan,  G.  A.  King,  Horace  Kingman,  Morris 
Knowles,  E.  J.  Looney,  P.  J.  Looney,  F.  A.  Mclnnes,  S.  H.  McKenzie,  Thomas 
McKenzie,  W.  A.  McKenzie,  Hugh  McLean,  H.  V.  Macksey,  A.  E.  Martin, 
\V.  E.  Maybury,  John  Mayo,  H.  A.  Miller,  J.  W.  O'Neill,  F.  L.  Northrop, 
H.  N.  Parker,  Dwight  Porter,  T.  A.  Pierce,  H.  E.  Perry,  H.  G.  Pillsbury,  G.  A. 
Samp.son,  C.  M.  Saville,  A.  L.  Sawyer,  C.  W.  Sherman,  H.  H.  Sinclair,  Sidney 
Smith,  G.  H.  Snell,  G.  A.  Stacy,  W.  F.  Sullivan,  E.  J.  Titcomb,  D.  N.  ToA-er, 
C.  H.  Tuttle,  W.  H.  Vaughn,  Ernest  Wadsworth,  R.  S.  Weston,  W.  J. 
Wetherbee,  L.  J.  Wilber,  F.  B.  Wilkins,  F.  I.  AVin'^Iow,  G.  E.  Winslow.  I.  S. 
Wood.  —  77. 

Associates. 

Builders  Iron  Foundry,  A.  B.  Coulters;  A.  M.  Byers  Co.,  H.  F.  Fi.ske; 
Central  Foundry  Co.,  W.  Todd  and  W.  H.  Feltt;  Chapman  Valve  Mfg.  Co., 
C.  E.  Pratt  and  J.  T.  Mulgrew;  Darling  Pump  and  Mfg.  Co.,  H..A.  Snyder; 
Eddy  Valve  Co.,  H.  W.  Dotten;  F.  H.  Hayes  Machinery  Co.,  F.  H.  Hayes; 
Her.sey  Mfg.  Co.,  Albert  S.  Glover,  J.  H.  Smith,  and  W.  .\.  Hersey;  Lead- 
Lined  Iron  Pipe  Co.,  T.  E.  Dwyer;  Ludlow  Valve  Mfg.  Co.,  G.  A.  Miller; 
H.  Mueller  Mfg.  Co.,  G.  A.  Caldwell;  National  Meter  Co.,  H.  J.  C.  Lufkin; 
National  Water  Main  Cleaning  Co.,  B.  B.  Hodgman;  Neptune  Meter  Co., 
H.  H.  Kinsey  and  R.  D.  Wertz;  Pittsburgh  Meter  Co.,  J.  W.  Turner;  Ren.s- 
selaer  Valve  Co.,  C.  L.  Brown;  Ross  XiiWc  Mfg.  Co..  William  Ross;  A.  P. 
Smith  Mfg.  Co..  F.  L.  Northrop;  Thompson  Meter  Co.,  E.  M.  Shedd;  Union 


290  PROCEEDINGS. 

Water  Meter  Co.,  F.  E.  Hall  and  Edward  Otis;  Water  Works  Equipment 
Co.,  W.  H.  Van  Winkle;  R.  D.  Wood  &  Co.,  H.  M.  Simons;  Henry  R.  Worth- 
ington,  Samuel  Harrison  and  W.  F.  Bird.  —  30. 

Guests. 

Richard  Comerford  and  P.  M.  Thea,  Worcester,.  Mass.;  Neil  Collins, 
Cambridge,  Mass.;  James  Kinlock,  East  Greenwich,  R.  I.;  W.  B.  Gerrish, 
Springfield,  Mass.;  Geo.  E.  Hildreth,  Manchester,  Mass.;  Robert  Beverage, 
Attleboro,  Mass.;    Leroy  Peterson,  Duxbury,  Mass.  ^8. 

The  Secretary  presented  applications  for  membership,  duly 
recommended  and  endorsed,  from  J.  W.  O'Neill,  Montreal,  Canada, 
engaged  with  the  water  works,  Montreal,  for  the  past  nineteen 
years,  now  chief  of  meter  and  inspection  departments;  Samuel 
Dyer,  Attleboro,  Mass.,  city  engineer;  Samuel  M.  Gray,  Provi- 
dence, R.  I.,  engaged  in  the  designing,  construction,  and  main- 
tenance of  water  works  and  sewers,  and  railroad  work,  in  various 
parts  of  the  countrj^,  for  many  years;  W.  B.  Everett,  Montesano, 
Wash.,  manager  Northwest  Electric  &  Water  Works,  Montesano, 
Wash.;  George  W.  Simons,  Jr.,  1075  Boylston  St.,  Boston,  Mass., 
assistant,  civil  engineering  department,  Massachusetts  Institute  of 
Technology;  E.  L.  Strauss,  Cleveland,  Ohio,  president  of  the 
Central  Brass  Manufacturing  Company  (for  associate  member- 
ship) . 

On  motion,  the  Secretary  was  directed  to  cast  one  ballot  in 
favor  of  the  admission  of  the  applicants,  and  he  having  done  so 
they  were  declared  duly  elected  members  of  the  Association. 

The  President  called  on  Mr.  Charles  W.  Sherman  to  give  a 
brief  resume  of  the  report  of  Committee  on  Meter  Rates.  Mr. 
Richard  K.  Hale  read  a  discussion  which  Mr.  Allen  Hazen  sent 
him  from  San  Francisco,  also  a  letter  from  Mr.  A.  E.  Walden,  of 
the  Baltimore  County  Water  and  Electric  Company.  The  Presi- 
dent called  on  Mr.  Caleb  M.  Saville,  who  read  a  discussion  and 
made  the  following  motion:  That  the  final  action  on  the  report 
of  the  Committee  on  Meter  Rates  be  postponed  until  the  first 
fall  meeting,  and  that  the  committee  be  requested  to  submit  other 
methods  of  rate  schedule  that  were  considered  by  them. 

The  discussion  on  the  report  and  also  on  Mr.  Saville's  motion 
was  participated  in  by  Messrs.  McLean,  Macksey,  Coggeshall, 
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Diven,  Brooks,  McKenzic,  Gear,  William  S.  Johnson,  Barbour, 
and  Gill.  The  President  then  put  the  motion,  and  declared  it 
unanimously  adopted  and  the  matter  recommitted  to  the  com- 
mittee. 

Mr.  Robert  Spurr  Weston,  Boston,  read  a  paper  on  "  The  Pro- 
posed AuxiUary  Water  Supply  for  the  City  of  Brockton."  The 
jiaper  was  discussed  by  Mr.  George  A.  Johnson. 

The  last  business  on  the  program  for  the  afternoon  was  entitled 
"  Preliminary  Report  of  Committee  on  Service  Pipe."  The 
President  called  on  Mr.  William  S.  Johnson,  the  chairman  of  the 
committee,  who  summarized  the  report.  The  President,  Mr.  A. 
E.  Martin,  and  Mr.  Coggeshall  made  brief  remarks;  and  on  the 
President's  suggestion  that  the  matter  be  postponed  until  the 
annual  meeting,  thereby  hoping  to  get  a  broader  discussion,  Mr, 
Horatio  N.  Parker  made  a  motion  to  that  effect.  The  motion 
was  seconded  and  unanimously  adopted. 


JUNE  MEETING. 

Pemberton  Inn, 
Pemberton,  Mass.,  June  21,  1916. 

The  June  meeting  of  the  New  England  Water  Works  Associa- 
tion was  held  at  Pemberton  Inn.,  Pemberton,  Mass.,  June  21, 
1916,  in  conjunction  with  the  Boston  Society  of  Civil  Engineers. 
The  following  members  and  guests  were  present : 

Honorary  Members. 

Edwin  C.  Brooks,  R.  C  P.  Coggeshall,  Albert  S.  Glover,  Frank  E.  Hall, 
George  A.  Stacy.  —  5. 

Members. 

D.  L.  Agnew,  S.  A.  Agnew,  C.  L.  Baker,  L.  M.  Bancroft,  F.  A.  Barbour, 
J.  F.  Barrett,  C.  H.  Bartlett,  J.  W.  lilackmer,  E.  M.  Blake,  G.  A.  Carpenter, 
P.  M.  Churchill,  S.  K.  Clapp,  F.  L.  Cole,  C.  W.  Ellis,  Jr.,  C.  H.  Eglee,  Frank 
Emerson,  James  Fitzgerald,  F.  L.  Fuller,  H.  F.  Frost,  Patrick  Gear,  F.  J. 
GiiTord,  J.  A.  Gould,  R.  A.  Hale,  J.  O.  Hall,  D.  A.  Heffernan,  C  R.  Hildred, 
,J.  L.  Howard,  E.  F.  Hughes,  C.  E.  Johnson,  W.  H.  Jaques  ,  W.  S.  Johnson, 
Willard  Kent,  G.  A.  King,  C.  F.  Knowlton,  Godfrey  Knigh  t,  W.  F.  Learned, 
F.  A.  Mclnnes,  J.  N.  McKernan,  Hugh  McLean,  A.  D.  Marble,  A.  E.  Martin, 
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W.  E.  Maybury,  John  Mayo,  F.  E.  Merrill,  G.  F.  Merrill,  J.  H.  Perkins,  H.  G. 
Pillsbury,  W.  H.  Pitman,  J.  H.  Remiek,  A.  L.  Sawyer,  G.  G.  Shedd,  J.  E. 
Sheldon,  Sidney  Smith,  G.  H.  Snell,  J.  T.  Stevens,  W.  M.  Stone,  W.  F.  Sul- 
livan, H.  A.  Symonds,  S.  E.  Tinkham,  D.  N.  Tower,  L.  R.  Washburn,  W.  J. 
Wetherbee,  F.  H.  White,  F.  B.  Wilkins,  G.  E.  Winslow,  D.  M.  Wood.  I.  S. 
Wood.  —  67. 

Associates. 
Harold  L.  Bond  Co.,  by  F.  M.  Bates  and  H.  L.  Bond;  Builders  Iron 
Foundry,  A.  B.  Coulters;  Central  Brass  Mfg.  Co..  M.  J.  Herschfield;  Chap- 
man Valve  Mfg.  Co.,  J.  F.  Sullivan,  V.  N.  Beagle,  C.  E.  Pratt,  J.  T.  Mulgrew, 
and  H.  U.  Storrs;  DarHng  Pump  &  Mfg.  Co.,  H.  A.  Snyder;  Eddy  Valve  Co., 
H.  A.  Holmes,  H.  W.  Dotten;  Hersey  Mfg.  Co.,  J.  H.  Smith,  Albert  S.  Glover, 
W.  A.  Hersey;  Kennedy  Valve  Co.,  M.  J.  Brosnan;  Ludlow  Valve  Mfg.  Co., 
G.  A.  MQler;  H.  Mueller  Mfg.  Co.,  G.  A.  Caldwell;  National  Meter  Co., 
J.  G.  Lufkin;  National  Tube  Co.,  J.  E.  Fleming;  Neptune  Meter  Co.,  R.  D. 
Wertz;  Norwood  Engineering  Co.,  F.  M.  Sears;  Pittsburgh  Meter  Co.,  J.  W. 
Turner;  Rensselaer  Valve  Co.,  F.  S.  Bates,  C.  L.  Brown;  Ross  Valve  Mfg. 
Co.,  William  Ross;  A.  P.  Smith  Mfg.  Co.,  F.  L.  Northrop;  Standard  Cast 
Iron  Pipe  &  Foundry  Co.,  W.  F.  Woodburn;  Thomson  Meter  Co.,  E.  M. 
Shedd;  R.  D.  Wood  &  Co.,  H.  M.  Simons;  Henry  R.  Worthington,  W.  F. 
Bird,  E.  P.  Howard,  and  Samuel  Harrison.  —  33. 

Guests. 
Maine:  South  Harpswell,  Rear  Admiral  (retired)  R.  E.  Peary.  New 
Hampshire:  Little  Boar's  Head,  Mrs.  W.  H.  Jaques.  Massachusetts:  All- 
ston,  E.  G.  Kinsey;  Andover,  Mrs.  F.  L.  Cole;  Arhngton,  Mrs.  E.  M.  Shedd; 
Belmont,  Mrs.  Dana  M.  Wood,  Master  J.  EUiott  Wood;  Beverly,  Mr.  and 
Mrs.  Thomas  A.  Appleton,  Arthur  B.  Appleton,  H.  G.  Porter;  Brookline, 
Mrs.  C.  H.  Eglee;  Boston,  Mrs.  Frank  M.  Bates,  Herbert  W.  Dyer,  Miss 
Mary  E.  Evans,  Mr.  A.  Friend,  Charles  F.  Glavin,  Miss  M.  E.  Hallinan,  Miss 
Joan  M.  Ham,  C.  E.  Kelley,  Mrs.  A.  M.  Lovis,  Mrs.  J.  Herman  Smith,  Master 
Ellsworth  Smith,  Mrs.  S.  E.  Tinkham,  F.  P.  Wilcox;  Braintree,  William  C. 
Harrison,  John  Kelley,  Mrs.  W.  E.  Maybury,  Louis  W.  Thayer;  Bridgewater, 
Miss  Beulah  Hopkins,  Mrs.  John  Mayo;  Cambridge,  Eugene  F.  Sullivan; 
Dedham,  Mrs.  Frank  J.  Gifford;  Everett,  Arthur  L.  Gammage;  Florence, 
Mrs.  F.  M.  Sears;  Holyoke,  Helen  A.  Hanley,  Mrs.  Hugh  McLean,  Marion 
McLean,  Katharine  G.  Sullivan;  Leominster,  Mrs.  W.  J.  Wetherbee;  Maiden, 
Mrs.  Harold  L.  Bond,  Mrs.  William  F.  Woodburn;  Melrose,  Mrs.  E.  C.  Brooks, 
Mrs.  C.  F.  Knowlton,  C.  F.  Knowlton,  Jr.,  Mrs.  A.  M.  Lovis;  Mattapoisett, 
Manuel  R.  Kousahe;  New  Bedford,  William  A.  Tucker;  Newton,  Alfred  E. 
Burton,  Thomas  C.  Davis,  Ernest  L.  Foley;  Norwood,  Lyman  W.  Bigelow; 
North  Andover,  Frank  E.  Smith;  Peabody,  Edward  A.  Blaney,  Joseph  A. 
Ryan;  Reading,  Mrs.  L.  M.  Bancroft;  Randolph,  Mr.  and  Mrs.  John  F. 
Thomas;  Roxbury,  George  C.  Ambrose;  Shrewsbury,  Romeo  E.  Allen; 
Somerville,  Mrs.  C.  H.  Bartlett,  Helen  G.  Blake,  Mrs.  Samuel  Harrison.  Mrs. 
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C.  R.  Hildred;  W'aban,  Mrs.  H.  A.  Symonds;  Waltham,  A.  W.  Parker,  Frank 
L.  Preble,  Mrs.  G.  E.  Winslow;  Watertown,  Joha  M.  Cashman,  Miss  Mabel 
A.  Perkins;  Wellesley  Hills,  Mrs.  F.  L.  Fuller,  Miss  Pearl  M.  Jones,  Harriet 
C.  riammons;  West  Roxbury,  Mr.  and  Mrs.  C.  H.  Dodd,  D.  S.  Reynolds. 
Rhode  Island:  Pawtucket,  Mrs.  G.  A.  Carpenter,  Miss  E.  R.  Whitaker; 
Providence,  Horace  T.  Almy,  M.  A.  Shaw,  Mrs.  I.  S.  Wood;  Narragansett 
Pier,  Mrs.  Willard  Kent.     New  York:  Troy,  Mrs.  F.  S.  Bates.  —S3. 

The  joint  Field  Day  of  the  two  organizations  proved  very 
enjoyable,  and  the  program  of  ball  game,  dinner  at  Pemberton 
Inn,  with  musical  and  literary  exercises,  business  meetings  of 
Association  and  Society,  was  fully  carried  out,  with  an  attendance 
of  193.  Rear -Admiral  Peary,  U.  S.  N.,  Retired,  was  present  as  a 
guest,  and  favored  the  assemblage  with  a  forceful  and  interesting 
address  on  the  current  topic  of  the  hour,  Preparedness. 

At  the  business  meeting  of  the  New  England  Water  Works 
Association,  President  William  F.  Sullivan  presiding,  seventy 
applications  for  active  and  one  for  associate  membership  were 
presented,  viz.,  — 

Frederic  L.  Andrews,  Sanford,  Me.,  superintendent;  Frederick 
W.  Bateman,  Clinton,  Mass.,  civil  engineer;  G.  A.  Bean,  Derry, 
N.  H.,  superintendent;  George  W.  Bowers,  Cleveland,  Ohio, 
civil  engineer;  George  F.  Bourne,  Lenox,  Mass.,  water  commis- 
sioner; Homer  E.  Bridge,  Hazardville,  Conn.,  manager  and 
superintendent;  James  L.  Brjme,  Boston,  Mass.,  construction 
engineer;  John  Byrne,  Westbrook,  Me.,  superintendent;  B.  R. 
Chapman,  Brockton,  Mass.,  city  engineer;  Guy  H.  Chase,  Fitch- 
burg,  Mass.,  commissioner  of  streets  and  engineering;  Joseph  S. 
Craigue,  Walpole,  Mass.,  civil  engineer;  Charles  W.  Eddy, 
Thomaston,  Conn.,  civil  engineer;  Charles  W.  Ellis,  Jr.,  Matta- 
poisett,  Mass.,  superintendent;  Frank  Emerson,  Peabody,  Mass., 
superintendent;  Henry  F.  Frost,  South  Easton,  Mass.,  treasurer; 
H.  L.  Foster,  Boston,  Mass.,  civil  engineer;  W.  A.  Gardner, 
Suffield,  Conn,,  superintendent;  Marshall  R.  Coding,  Portland, 
Me.,  auditor;  Pearl  T.  Gray,  Portland,  Me.,  registrar;  J.  Francis 
Granger,  Marlboro,  Mass.,  engineer;  Jacob  A.  Handy,  South 
Dartmouth,  Mass.,  chairman  water  commissioners;  George  B. 
Haml)lin,  Whitinsville,  Mass.,  purchasing  agent;  John  \'.  Hazen, 
Hanover,  N.  H.,  instructor  of  engineering,  Dartmouth  College; 
Charles  R.  Hildred,  Somerville,  Mass.,  chief  clerk,  office  of  water 
(lejiartment;  Charles  I.  Hosmer,  Turners  Falls,  Mass.,  hydraulic 
engineer;  William  L.  Howard.  Hingham,  Mass.;  William  H. 
Jaques,'  Little   Boar's  Head,  N.  H.,    president  Hampton  Water 
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Works  Company;  Minol  S.  Kaharl,  West  Somerville,  Mass., 
clerk,  Wiscasset  Water  Company;  J.  Frank  Kidder,  Burlington, 
Vt.,  superintendent;  Godfrey  Knight,  Avon,  Mass.,  superintend- 
ent; Beardsley  Lawrence,  Dorchester,  Mass.,  civil  engineer; 
Joseph  F.  A.  Leonard,  Fall  River,  Mass.,  civil  engineer;  Sheldon 
E.  Minor,  Greenwich,  Conn.,  civil  engineer;  Morton  L.  Miller, 
Springfield,  Mass.,  master  mechanic,  water  works;  Oren  M.  Moul- 
ton,  Gorham,  Me.,  consulting  engineer;  Hugh  Nawn,  Roxbury, 
Mass.,  civil  engineer;  Reeves  J.  Newsom,  Lynn,  Mass.,  superin- 
tendent; John  E.  Palmer,  Boston,  Mass.,  consulting  engineer; 
John  Parsons,  Somersworth,  N.  H.,  superintendent;  Stanley  G. 
Proverbs,  New  Bedford,  Mass.,  hydraulic  engineer;  Edwin  L. 
Pride,  Boston,  Mass.,  accountant;  Joseph  B.  Sando,  Boston, 
Mass.,  mechanical  engineer;  Harry  W.  Sawyer,  Manchester, 
N.  H.,  civil  engineer;  Walter  H.  Sawyer,  Lewiston,  Me.,  hydraulic 
engineer;  Warren  J.  Simonds,  Marlboro,  Mass.,  city  engineer; 
George  G.  Shedd,  Manchester,  N.  H.,  consulting  engineer;  A.  H. 
Starkweather,  Wakefield,  Mass.,  superintendent;  Ralph  Sweet- 
land,  Boston,  Mass.,  engineer,  Insurance  Exchange;  Frederic  H. 
Taber,  New  Bedford,  Mass.,  member  water  board;  Alfred  H. 
Terry,  Bridgeport,  Conn.,  city  engineer;  Alberti  T.  Thompson, 
Rockville,  Conn.,  superintendent;  Frank  M.  Travis,  Torrington, 
Conn.,  superintendent;  C.  L.  Ward,  Portland,  Me.,  superintend- 
ent meter  department;  North  M.  West,  Kennebunk,  Me., 
manager  York  Water  Company;  William  Jay  Willson,  Green- 
wich, Conn.,  superintendent;  F.  R.  Woodward,  Hill,  N.  H., 
manager  and  owner  water  works;  Edward  Wright,  Boston,  Mass., 
civil  engineer. 

Non-resident:  Roger  W.  Armstrong,  New  York,  N.  Y.,  engineer 
Board  of  Water  Supply;  A.  C.  Bingham,  Marysville,  Calif., 
manager  water  company;  W.  P.  Brereton,  Winnipeg,  Manitoba, 
city  engineer;  D.  A.  Decrow,  Buffalo,  N.  Y.,  mechanical  engineer; 
William  Flannery,  Brooklyn,  N.  Y.,  mechanical  engineer;  Charles 
A.  Furley,  Pittsburgh,  Pa.,  superintendent;  Edgar  B.  Kay,  Tusca- 
loosa, Ala.,  consulting  engineer;  Carlos  Lobo,  Brooklyn,  N.  Y., 
superintendent  in  charge  of  maintenance  operation,  extension 
and  improvement  of  water  supply  system;  John  T.  Metcalf, 
Brooklyn,  N.  Y.,  civil  engineer;  Armory  G.  Singletary,  San  Jose, 
Calif.,  director,  Water  Company;  C.  L.  Scofield,  Montreal, 
Canada,  manager,  Canadian  Fire  LTnderwriters  Association; 
Linden  C.  Trow,  Lake  Forest,  111.,  superintendent;  J.  A.  Verte- 
fcuille,  Richmond  Hill,  N.  Y.,  assistant  engineer,  Brooklyn  Water 
Department.     (70.) 

Associate:   The  Smith  &  Abbott  Company,  Portland,  Me.    (1.) 

They  were  by  unanimous  vote  duly  elected  thereto. 
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EXECUTIVE  COMMITTEE. 

Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  headquarters,  Tremont  Temple, 
Boston,  Mass.,  Wednesday,  March  8,  1916. 

Present:  President  William  F.  Sullivan  and  members  Caleb 
M.  Saville,  Samuel  E.  Killam,  D.  A.  Heffernan,  R.  C.  P.  Cogges- 
hall,  F.  J.  Gifford,  Richard  K.  Hale,  Lewis  M.  Bancroft,  George 
A.  King,  and  Willard  Kent. 

Five  applications  for  active  membership  and  one  for  associate 
were  received  and  they  were  by  unanimous  vote  recommended 
therefor. 

W.  B.  Everett,  manager  Northwest  Electric  and  Water  Works, 
Montesano,  Wash.;  George  W.  Simons,  Jr.,  assistant.  Civil  En- 
gineering Department,  Massachusetts  Institute  of  Technology, 
1075  Boylston  St.,  Boston,  Mass.;  J.  W.  O'Neill,  chief  of  Meter 
and  Inspection  Departments,  City  Hall,  Montreal,  Canada; 
Samuel  M.  Gray,  designing,  construction,  and  maintenance  of 
water  works  and  sewers  and  railroad  work.  Providence,  R.  I.; 
Samuel  Dyer,  civil  engineer j  Water  and  Sewer  Department,  city 
engineer,  Attleboro,  Mass.  Associate:  Central  Brass  Manu- 
facturing Company,  Cleveland,  Ohio. 

The  place  of  holding  the  next  Annual  Convention  was  discussed 
without  definite  action. 

The  President  appointed  Messrs.  Charles  W.  Sherman,  Richard 
K.  Hale,  Samuel  E.  Killam,  William  E.  Maybury,  and  F.  J. 
Gifford  a  Committee  of  Arrangements  for  the  June  outing  of  the 
Association. 

Adjourned. 

Attest:  Willard  Kent,  Secretary. 


IMeeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  headquarters,  Tremont  Temple, 
Boston,  Mass.,  Wednesday,  March  29,  1916. 
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Present:  President  William  F.  Sullivan,  members  Caleb  M. 
Saville,  Samuel  E.  Killam,  D.  A.  Heffernan,  R.  C.  P.  Coggeshall, 
R.  J.  Thomas,  F.  J.  Clifford,  R.  K.  Hale,  L.  M.  Bancroft,  G.  A. 
King,  Willard  Kent,  and  William  S.  Johnson,  Leonard  Withing- 
ton,  and  Frank  A.  Mclnnes. 

Mr.  Leonard  Withiugton,  of  Portland,  Me.,  presented  the  ad- 
vantages of  that  city  as  a  place  for  holding  the  next  Annual  Con- 
vention, and,  after  discussion,  on  motion  of  Mr.  Thomas,  seconded 
by  Mr.  Coggeshall,  it  was  unanimoush^  voted,  that  the  Annual 
Convention  of  the  New  England  Water  Works  Association  for 
1916  be  held  at  Portland,  Me.,  September  13,  14,  and  15. 

On  motion  of  Mr.  Coggeshall,  seconded  by  Mr.  Thomas,  it  was 
unanimously  voted,  that  the  salary  of  Miss  Ham,  Assistant  Sec- 
retary, be  made  eight  hundred  dollars  for  the  current  year,  in- 
crease to  date  from  January  1,  1916. 

A  report  of  progress  was  made  by  Messrs.  Coggeshall  and 
Johnson,  of  the  Membership  Committee. 

On  motion  of  Mr.  King,  it  was  voted,  that  the  President  and 
Secretary  be  a  committee  to  investigate  and  report  at  the  June 
meeting  on  the  advisability  of  holding  an  October  meeting  in  the 
western  section  of  New  England. 

The  President  was  authorized  to  appoint  a  committee  of  ar- 
rangements for  the  Annual  Convention,  said  committee  to  have 
full  powers. 

The  freedom  of  headquarters  of  this  Association  was  granted 
members  of  the  Vermont  Society  of  Civil  Engineers,  the  Boston 
Society  of  Civil  Engineers  having  already  taken  similar  action. 

Adjourned. 

Willard  Kent,  Secretary. 


Meeting  of  the  Executive  Connnittee  of  the  New  England 
Water  Works  Association  on  steamer  Miles  StajuUsh,  Boston 
Harbor,  June  21,  1916. 

Present,  William  F.  Sullivan,  President,  and  members  D.  A. 
Heffernan.  R.  C.  P.  Coggeshall,  F.  J.  Gifford,  L.  M.  Bancroft, 
G.  A.  King,  and  Willard  Kent. 
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Seventy-one  applications  were  received,  seventy  for  active 
and  one  for  associate  membership,  as  follows: 

Frederic  L.  Andrews,  Sanford,  Me.,  superintendent;  Frederick 
W.  Bateman,  Clinton,  Mass.,  civil  engineer;  G.  A.  Bean,  Derry, 
N.  H.,  superintendent;  George  W.  Bowers,  Cleveland,  Ohio, 
civil  engineer;  George  F.  Bourne,  Lenox,  Mass.,  water  connnis- 
sioner;  Homer  E.  Bridge,  Hazardville,  Conn.,  manager  and 
superintendent;  James  L.  Bryne,  Boston,  Mass.,  construction 
engineer;  John  Byrne,  Westbrook,  Me.,  superintendent;  B.  R. 
Chapman,  Brockton,  Mass.,  city  engineer;  Guj^  H.  Chase,  Fitch- 
burg,  Mass.,  commissioner  of  streets  and  engineering;  Joseph  S. 
Craigue,  Walpole,  Mass.,  civil  engineer;  Charles  W.  Eddy, 
Thomaston,  Conn.,  civil  engineer;  Charles  W.  Ellis,  Jr.,  Matta- 
poisett,  Mass.,  superintendent;  Frank  Emerson,  Peabocly,  Mass., 
superintendent;  Henry  F.  Frost,  South  Easton,  Mass.,  treasurer; 
H.  L.  Foster,  Boston,  Mass.,  civil  engineer;  W.  A.  Gardner, 
Suffield,  Conn.,  superintendent;  Marshall  R.  Coding,  Portland, 
Me.,  auditor;  Pearl  T.  Gray,  Portland,  Me.,  registrar;  J.  Francis 
Granger,  Marlboro,  Mass.,  engineer;  Jacob  A.  Handy,  South 
Dartmouth,  Mass.,  chairman  water  commissioners;  George  B. 
Haml)lin,  Whitinsville,  Mass.,  purchasing  agent;  John  V.  Hazen, 
Hanover,  N.  H.,  instructor  of  engineering,  Dartmouth  College; 
Charles  R.  Hildred,  Somerville,  Mass.,  chief  clerk,  office  of  water 
department;  Charles  I.  Hosmer,  Turners  Falls,  Mass.,  hvdraulic 
engineer;  William  L.  Howard,  Hingham,  Mass.;  William  H. 
Jaques,  Little  Boar's  Head,  N.  H.,  President  Hampton  Water 
Works  Company;  Minol  S.  Kaharl,  West  Somerville,  Mass., 
clerk,  Wiscasset  Water  Company;  J.  Frank  Kidder,  Burlington, 
Vt.,  superintendent;  Godfrey  Knight,  Avon,  Mass.,  superintend- 
ent; Beardsley  Lawrence,  Dorchester,  Mass.,  civil  engineer; 
Joseph  F.  A.  Leonard,  Fall  River,  Mass.,  civil  engineer;  Sheldon 
E.  Minor,  Greenwich,  Conn.,  civil  engineer;  Morton  L.  Miller, 
Springfield,  Mass.,  master  mechanic,  water  works;  Oren  M.  INIoul- 
ton,  Gorham,  Me.,  consulting  engineer;  Hugh  Nawn,  Roxbury, 
Mass.,  civil  engineer;  Reeves  J.  New§om,  Lynn,  Mass.,  superin- 
tendent; John  E.  Palmer,  Boston,  Mass.,  consulting  engineer; 
John  Parsons,  Somersworth,  N.  H.,  superintendent;  Stanley  G. 
Proverbs,  New  Bedford,  Mass.,  hydraulic  engineer;  Edwin  L. 
Pride,  Boston,  Mass.,  accountant;  Joseph  B.  Sando,  Boston, 
Mass.,  mechanical  engineei-;  Harry  W.  Sawyer,  Manchester, 
N.  H.,  civil  engineer;  Walter  H.  Sawyer,  Lewiston,  Me.,  hydraulic 
engineer;  Warren  J.  Simonds,  Marlboro,  Mass.,  city  engineer; 
George  G.  Sherld,  Manchester,  N.  H.,  consulting  engineer;  A.  H. 
Starkw(>ather,  Wakefield,  Mass.,  superintendent;  Ralph  Sweet- 
land,  Boston,  M:i>!s.,  engineer,  Insurance  Exchange;  FicmIcmIc  H. 
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Taber,  New  Bedford,  Mass.,  member  water  board;  Alfred  H. 
Terry,  Bridgeport,  Conn.,  city  engineer;  Alberti  T.  Thompson, 
Rockville,  Conn.,  superintendent;  Frank  M.  Travis,  Torrington, 
Conn.,  superintendent;  C.  L.  Ward,  Portland,  Me.,  superintend- 
ent meter  department;  North  M.  West,  Kennebunk,  Me., 
manager  York  Water  Company;  William  Jay  Willson,  Green- 
wich, Conn.,  superintendent;  F.  R.  Woodward,  Hill,  N.  H., 
manager  and  owner  water  works;  Edward  Wright,  Boston,  Mass., 
civil  engineer. 

Non-resident:  Roger  W.  Armstrong,  New  York,  N.  Y.,  engineer 
Board  of  Water  Supply;  A.  C.  Bingham,  Marysville,  Calif., 
manager  water  company;  W.  P.  Brereton,  Winnipeg,  Manitoba, 
city  engineer;  D.  A.  Decrow,  Buffalo,  N.  Y.,  mechanical  engineer; 
William  Flannery,  Brooklyn,  N.  Y.,  mechanical  engineer;  Charles 
A.  Furley,  Pittsburgh,  Pa.,  superintendent;  Edgar  B.  Kay,  Tusca- 
loosa, Ala.,  consulting  engineer;  Carlos  Lobo,  Brooklyn,  N.  Y., 
superintendent  in  charge  of  maintenance  operation,  extension 
and  improvement  of  water  supply  system;  John  T.  Metcalf, 
Brooklyn,  N.  Y.,  civil  engineer;  Armory  G.  Singletary,  San  Jos6, 
Calif.,  director.  Water  Company;  C.  L.  Scofield,  Montreal, 
Canada,  manager,  Canadian  Fire  Underwriters  Association; 
Linden  C.  Trow,  Lake  Forest,  111.,  superintendent;  J.  A.  Verte- 
feuille,  Richmond  Hill,  N.  Y.,  assistant  engineer,  Brooklyn  Water 
Department.     (70.) 

Associate:   The  Smith  &  Abbott  Company,  Portland,  Me.    (L) 

They  were  by  unanimous  vote  recommended  therefor. 

The  committee  appointed  to  consider  the  advisability  of  hold- 
ing a  meeting  of  the  Association  in  October  at  some  place  in  the 
western  portion  of  New  England  reported  the  result  of  their  in- 
vestigation without  recommendation,  and  the  subject  was  re- 
ferred to  the  September  meeting  of  the  Executive  Committee. 

The  advisability  of  the  appointment  of  a  committee  to  consider 
the  subject  of  Rates  for  Fire  Protection,  and  to  report  thereon, 
was  discussed,  and  it  was  voted  that  the  matter  be  brought  to  the 
attention  of  the  Association. 

Voted,  That  the  President  be  authorized  to  appoint  a  committee 
on  Form  of  Statistics  of  Assets,  should  he  deem  it  desirable. 

Adjourned. 

WiLLARD  Kent,  Secretary. 
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715  Tremont  Temple,  Boston,  Mass.,  April  7,  1916. 

A  meeting  of  the  Committee  of  Arrangements  for  the  1916 
Annual  Convention  of  our  Association  was  held  at  headquarters, 
Boston,  on  Friday,  April  7,  li)16. 

The  meeting  was  called  to  order  at  11  o'clock  a.m.,  Chairman 
William  S.  Johnson  presiding.  There  were  present,  President 
Sullivan,  of  Nashua,  N.  H.;  James  Burnie,  of  Biddeford,  Me.; 
and  Secretary  Kent;  William  F.  Woodburn  was  also  present, 
bearing  a  letter  of  authoiization  from  Mr.  James  W.  Graham,  of 
Portland,  Me.,  who  was  unal)le  to  be  present,  and  acted  as  his 
substitute. 

Mr.  Johnson  read  a  letter  from  Mr.  W.  S.  Garde,  of  Hartford, 
Conn.,  regretting  that  business  of  the  Cit}^  of  Hartford  called 
him  to  Washington,  D.  C,  and  thereby  prevented  his  meeting 
with  the  committee.  Messrs.  ('harles  W.  Sherman  and  Frank  A. 
Barbour  were  also  present  and  acted  with  the  committee  at  the 
request  of  Chairman  Johnson. 

The  organization  of  the  committee  was  completed  by  the 
election  of  Mr.  Graham  as  secretary  and  Mr.  Vernon  F.  West  as 
treasurer.  Mj'.  Willard  Kent  was  elected  secretary  pro  tem.  of 
the  committee. 

A  general  discussion  of  hotel  accommodations,  entertainment, 
financial  matters,  etc.,  was  held,  after  which  the  following  named 
action  was  taken: 

Voted,  That  Messrs.  James  W.  Graham  and  Vernon  F.  West 
be  and  are  hereby  appointed  a  connnittee  on  finance. 

Voted,  That  Messrs.  William  S.  Johnson,  Frank  A.  Barbour,  and 
Charles  W.  Sherman  be  and  arc  hereby  appointed  a  committee 
to  secure  papers  for  prescnitation  at  the  convention. 

Voted,  That  Messrs.  James  W.  Graham,  James  Burnie,  and 
Vernon  F.  West  be  and  are  hereby  appointed  a  committee  on 
entertainment  for  the  convention. 

Voted,  That  Mr.  William  S.  Johnson,  chairman,  be  empowered 
to  make  any  further  arrangements  necessary,  in  his  judgment,  for 
the  success  of  the  convention. 

Adjourned,  subject  to  the  call  of  the  chair. 

Willard  Kent,  Secretari/  pro  tent. 
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PROGRESS  OF  WATER  DISINFECTION  IN  MARYLAND. 

BY    ROBERT    B.    MORSE,     CHIEF    ENGINEER,    AND    HARRY    R.     HALL, 

ASSISTANT    CHIEF    ENGINEER,    MARYLAND     STATE    DEPARTMENT 

OF    HEALTH. 

[Read  February/  9,  1.916.] 

There  are  eighty-three  public  water  supphes  in  Maryland,  serv- 
ing about  842  500  people,  —  62.1  per  cent,  of  the  estimated  total 
population  of  1  357  374.  Several  community  systems  delivering 
water  to  small  groups  of  houses,  and  also  institutional  supplies, 
are  not  included  in  this  number. 

The  state,  through  its  Board  of  Health,  has  had,  since  1914, 
strict  supervisory  control  over  the  design,  construction,  and  opera- 
tion of  water  systems.  No  material  extensions  of,  nor  alterations 
in,  existing  systems  can  be  legally  made,  nor  can  new  supplies  be 
installed,  unless  complete  plans  and  specifications  covering  the 
proposed  work  are  submitted  to  the  State  Board  of  Health  for 
approval  and  a  written  permit  is  granted  by  that  body.  More- 
over, when  deemed  necessary  for  the  public  health  or  welfare,  the 
Board  may  require  existing  water  systems  extended  or  altered, 
and  it  is  empowered  to  compel  the  installation  of  public  supplies 
in  communities  not  served.  It  is  the  duty  of  the  corporate  officers 
to  raise  the  funds  necessary  for  carrying  out  the  work  required, 
and  they  may  do  this,  if  they  wish,  by  issuing  bonds  without 
special  legislative  enactment  and  without  a  referendum  vote. 

Broad  as  is  the  control  of  the  state  over  the  design  and  construc- 
tion of  water  supplies,  it  is  no  more  liberal  than  is  its  authority 

301 


302  PROGRESS    OF   WATER   DISINFECTION    IN    MARYLAND. 

over  the  operation  of  existing  systems,  in  so  far  as  the  public 
health  is  affected.  If  the  State  Board  of  Health  finds  that  any 
water  plant  is  not  properly  operated,  it  may  require  a  change  of 
method,  and  may,  when  necessary,  force  the  employment  of  com- 
petent attendants,  it  even  being  enabled  to  attain  this  end  by 
appointing  attendants  of  its  own  selection,  at  the  cost  of  the  muni- 
cipality or  water  company  owning  the  plant.  Possible  arbitrarj" 
action,  however,  is  precluded  by  a  provision  in  the  law  allowing 
appeal  to  the  local  county  court,  before  which  the  Board  would 
have  to  prove  the  reasonableness  of  its  act. 

Prior  to  the  passage  of  the  law  giving  the  State  Board  of  Health 
such  complete  power  over  water  supplies,  there  was  no  legislation 
which  specifically  enabled  it  to  compel  necessary  improvements. 
The  laws  existing  before  1914  merely  conferred  the  right  to  in- 
vestigate and  report  upon  water  systems.  There  was  one  provi- 
sion which  made  it  a  misdemeanor  to  pollute  sources  of  water 
supply,  and  imposed  penalties  for  offenses  of  this  character,  but 
there  was  nothing  which  actually  gave  the  Board  the  power  to 
force  a  municipality  or  water  company  to  provide  a  safe  water 
supply. 

The  engineering  division  of  the  State  Board  of  Health  was 
organized  in  June,  1912,  under  a  law  passed  in  1910,  which  also  pro- 
vided for  the  formation  of  several  other  divisions.  This  act  pre- 
scribed general  duties  of  investigation,  as  mentioned  above.  The 
early  engineering  studies  indicated  plainly  the  need  of  complete 
supervisory  power  over  the  water  supplies  of  the  state,  and  this 
need  was  satisfied  by  the  passage  of  the  water  supply  and  sewerage 
act  of  1914. 

An  effort  has  been  made  by  the  State  Board  of  Health  to  use  its 
power  in  a  judicious  manner  and  not  to  attempt  coercive  measures 
where  proper  improvements  could  be  brought  about  in  other  ways. 
It  has  not  yet  been  necessary  to  invoke  the  full  extent  of  its  legal 
power,  and  in  no  case  has  the  Board  been  compelled  to  appoint 
operating  attendants  for  water  supplies  which  have  been  improp- 
erly cared  for,  although  in  some  instances  this  might  well  have 
been  done. 

In  1912,  when  the  engineering  investigations  were  begun,  it  was 
found  that,  in  general,  knowledge  of  the  condition  of  the  public 
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water  supplies  in  the  state  was  meager.  Analyses  of  the  water 
fi'oni  many  of  the  supplies  had  been  made  occasionally,  but  no 
systematic  method  of  examination  had  been  followed.  The  Bal- 
timore sj'stem  was  looked  after  by  the  city  water  and  health 
departments,  and  consequently  received  little  or  no  attention 
from  the  State  Board  of  Health. 

The  state's  investigations  commenced  to  show  that  many  of  the 
water  systems  were  badly  in  need  of  attention.  The  surface  sup- 
plies were  derived  from  streams  fed  by  watersheds  containing 
habitations,  in  many  cases  providing  numerous  sources  of  con- 
tamination, and,  in  general,  protection  was  not  offered  by  long 
storage,  filtration,  or  other  treatment.  Water  was  usually  taken 
from  the  stream  at  an  intake  dam,  and  passed  into  a  distributing 
reservoir  of  insufficient  capacit}^  to  provide  a  safe  period  of  storage. 
Moreover,  water  from  some  of  the  tubular  well  systems  was  found 
to  be  polluted,  l^ecause  the  wells  either  were  of  too  shallow  depth 
and  located  in  the  midst  of  thickly  settled  districts  where  sources 
of  pollution  were  numerous,  or  were  driven  in  rock  containing 
fissures.  Some  supplies  previously  considered  to  be  be^-ond  sus- 
picion were  found,  upon  close  investigation,  to  be  in  a  bad  condi- 
tion and  a  menace  to  the  public  health. 

'  In  a  large  number  of  the  instances  where  supplies  were  polluted, 
the  water  was  satisfactory  from  a  physical  standpoint,  there  being 
an  absence  of  color,  turbidity,  and  other  objectionable  characteris- 
tics. This  was  naturally  true  in  the  case  of  most  well  and  spring 
waters.  The  water  from  streams  fed  by  mountain  watersheds, 
and  from  watersheds  containing  much  wooded  oi'  uncultivated 
land,  was  also  generally  in  good  physical  condition. 

Where  water,  otherwise  acceptable,  was  found  to  be  in  an  unsafe 
sanitary  condition,  filtration  did  not  appear  to  be  necessary  or 
even  advisable  for  assui'ing  the  proper  degree  of  purity.  Expense 
and  the  improbability  of  proper  operation  are  two  factors  which 
would  make  filtration  plants  undesirable  for  many  of  the  small 
systems  which  abound  in  Maryland.  Consequently,  disinfection 
was  resorted  to  wherever  it  would  serve  the  purpose.  There  were, 
however,  a  c()nsideral)le  number  of  surface  supplies  derived  fi-om 
streams  flowing  through  cultivated  country  and  furnishing  a  water 
occasionally  or  persistently  tui-bid.     Such  supplies  as  these  nalu- 
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rally  require  filtration.  Disinfection  in  connection  with  filtration 
is  general,  and  is  required  in  all  new  installations.  While  the 
writers'  assistants  have  been  able  to  obtain  good  results  from  sev- 
eral filter  plants  without  the  addition  of  disinfectants,  the  char- 
acter of  attention  which  small  works  ordinarih^  receive  makes 
their  use  essential. 

Prior  to  the  establishment  of  the  engineering  division  of  the 
State  Board  of  Health,  in  1912,  there  were  only  four  disinfecting 
plants  in  operation  on  water  supplies  in  Maryland.  Two  of  these 
were  located  on  the  Gunpowder  and  Jones  Falls  systems,  of  Balti- 
more; and  two,  owned  by  the  Baltimore  County  Water  and  Elec- 
tric Company,  were  at  the  Avalon  and  Herring  Run  plants  which 
serve  large  sections  in  Baltimore  County  near  the  city.  At  Ava- 
lon, disinfection  was  carried  on  in  conjunction  with  filtration. 
All  these  installations  used  hypochlorite  of  calcium,  and  at  Herring 
Run  ozone  was  employed  at  times. 

Since  1912,  many  towns  in  other  parts  of  Maryland  have  been 
provided  with  purification  plants,  and  it  is  a  striking  fact  that,  of 
the  842  565  persons  served  by  public  water  supplies  at  the  present 
time,  745  149,  or  88.4  per  cent,  (approximately  54.9  per  cent,  of 
the  population  of  the  state),  use  water  which  is  treated  by  either 
filtration  or  disinfection,  or  both. 

The  number  of  public  systems  in  the  state  using  raw,  filtered,  or 
disinfected  ground  and  surface  water,  and  the  total  populations  of 
the  communities  served,  are  shown  by  Table  1. 

There  are  eighty-three  public  water  supplies  in  Maryland,  sixty- 
one  of  which  derive  their  water  from  underground  sources.  The 
population  thus  served  amounts  to  102  099.  The  number  of  con- 
sumers is  small  in  comparison  with  the  number  of  systems,  because 
these  supplies,  in  general,  are  located  in  the  smaller  towns.  The 
remaining  twenty-two  systems  take  water  from  surface  streams 
and  serve  a  population  of  740  466.  The  large  population  using 
surface  water  is  accounted  for  by  the  fact  that  Baltimore  and  most 
of  the  other  places  of  considerable  size  are  thus  supplied.  Ground 
waters  are  used  by  12.1  per  cent,  of  the  people  served  by  public 
systems,  and  by  7.5  per  cent,  of  the  total  population  of  the  state. 
The  corresponding  figures  for  surface  waters  are  87.9  and  54.6  per 
cent. 


MORSE    AND    H.\LL. 


305 


o       cl 


o  c3 


„      o  o 


o  a, 
13 '-3    . 

3  "  g; 
ftSM 

o  o 


u 

- 

^ 

C 
1 

3 
73 

■S'5  3.= 

C  3  lac  a 
^   C.C   3 

c 


o  o 
&.0 


(M  t> 

05 

^C 

>       I-l 

00  Tt 

<N 

oc 

)        I— 1 

Tt<C 

■<+ 

ooc 

00 

<NC 

(N 

o«: 

CO 

1— I 

lO  ^ 

CO 

^ 

■S 

^ 

«., 

CO 

s~ 

4^ 

« 

^ 

>. 

Ti 

1 

d 

<u 

o  > 
-2  ° 

+5 

Cb 

S  a3 

o 

•2^ 

H 

Qfa 

(M 

O 

CO 

o 

kO 

1-H 

00 

>o 

00 

lO 

lO 

^t^ 

00  l> 

uo 

C5CO 

ICC 

CO 

I> 

00 

oo 

t^CO 

ccTt 

r^ 

tOI^ 

COC 

CO 

■^ 

lO 

lO 

'coo 

COCT 

»o 

^CO 

r^a 

CO 

05r^ 

CO^ 

00 

CO  lO 

C-lcC 

00 

r^^ 

C^ 

(N 

CO 

t- 

t^ 

O"* 

rO(N 

lO 

'"' 

'^ 

to 

a. 

cc 

CB 

-U 

<a 

o 

t2 

•i 

> 

<s 

IS 

-si 

•T5 

3 
C<2 

r/3  *J 

u< 

.S  <u 

O 

M  -k^ 

-tJ  -u 

H 

V?^ 

O    C 

Qfe 

b<b^ 

rtH 

05 

o 

(**) 

CO 

1— H 

1-H 

t^ 

CO  N. 

O  '^       'i^ 

OcO 

t^  — 1        00 

^I^ 

X 

00 

lO  CO 

--1  X       o 

COt^ 

'^  O           Tf< 

-* 

UO 

lO 

oo 

005       o 

OCO 

CD  00        -rt* 

(MI^ 

03  ^          ,-1 

1^  o 

(M  !M 

IC 

00  M^ 

CO  — 

rt< 

CO 

t^ 

t^ 

Tt<T^ 

00  CO 

(M 

to 

■-! 

0) 

a. 

a. 

CB 

c>2 

> 

.9 

■n 

"n 

§:s 

^ 

|i 

B 

II 

o  o 

c 

CO 

,— 1 

(N 

t^ 

CO 

1— 1 

■<*< 

t^ 

C5 

(M 

CO 

306 


PROGRESS    OF   WATER    DISINFECTION    IN    MARYLAND. 


Of  the  ground-water  supplies,  six  are  treated,  while  of  the  surface 
supplies  only  seven  deliver  untreated  water,  and  these  to  only 
11  601  people.  The  six  plants  for  purifying  ground  water  serve 
16  284  persons,  and  communities  with  a  total  population  of  728  865, 
supplied  by  fifteen  systems,  are  using  treated  surface  water. 
There  are  eighteen  public  supplies  with  disinfecting  plants,  and 
three  in  which  the  water  is  filtered  but  not  disinfected.  A  popu- 
lation of  732  960  is  served  with  disinfected  water,  12  189  with  water 
filtered  only,  and  97  416  use  raw  water.  Thus,  54.1  per  cent,  of 
the  total  population  of  Maryland  drink  disinfected,  54.9  per  cent, 
treated,  and  only  7.2  per  cent,  raw,  water.  Of  the  total  number  of 
people  served  by  public  water  systems,  87.0  per  cent,  use  disin- 
fected, 88.4  per  cent,  treated,  and  11.6  per  cent,  raw,  water. 

Not  only  is  the  influence  of  water  purification  felt  by  the  public 
water  supplies,  but  it  has  reached  to  state  and  private  institutions 
as  well.  There  are,  as  shown  by  Table  2,  six  institutions,  em- 
bracing a  population  of  2  352,  where  the  water  receives  treatment 
of  some  kind,  and  in  all  but  one  of  these  it  is  disinfected.  Included 
in  this  number  are  a  penal  institution,  a  tul^erculosis  sanatorium 
and  four  educational  institutions. 


TABLE  2. 
Classification  of  Treated  Institutional  Water  Supplies  in  Maryland. 


Class. 

Form  of  Treatment. 

No.  of  Supplies. 

Population 

Served. 

Ground  water 
Surface  water 

Disinfected  only                            2 

Disinfected  only                            2 
Filtered  and  disinfected              1 
Filtered  only                                 1 

652 

1100 
350 
250 

All  supplies  treated 
Disinfected  supplies 

6 
5 

2  352 
2  102 

The  location  and  nature  of  the  public  water  systems  and  treated 
institutional  supplies  are  shown  in  Fig.  1.  The  universal  use  of 
ground-water  sources,  and  the  consequent  scarcity  of  purification 
works,  in  the  section  of  the  state  east  of  Chesapeake  Bay,  is 
notable. 


Fig.  1. 
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Disinfection  by  means  of  hypochlorite  of  calcium  or  liquid 
chlorine  is  naturally  the  most  common  method  practiced,  although 
one  small  mill  town  uses  distilled  water,  which  is  the  condensed 
exhaust  from  the  steam  turbines  in  the  mill,  and  there  is  an  ozone 
plant  which  is  operated  in  conjunction  with  one  of  the  hypochlo- 
rite installations.  There  is  a  possibility  that  ultra-violet  ray  dis- 
infection will  shortly  be  introduced,  as  its  use  is  under  considera- 
tion for  a  mechanical  filter  plant  now  being  constructed. 

The  type  of  apparatus  suitable  for  hypochlorite  or  liquid  chlo- 
rine treatment  in  any  particular  case  depends  upon  the  method  by 
which  water  is  supplied.  Where  the  flow  of  water  to  be  treated  is 
at  most  times  substantially  uniform,  as  in  the  case  of  certain 
pumping  plants,  or  in  gravity  lines  discharging  into  reservoirs,  a 
manually  controlled  apparatus  is  sufficient.  Where  fluctuations 
occur  in  the  rate  of  flow,  automatic  control  devices  are  essential 
for  proper  results.  Liquid  chlorine  plants,  so-called,  introduce 
chlorine  into  the  water  either  as  a  gas  or  in  solution.  The  gas 
feed,  usually  called  "  direct  feed,"  is  well  adapted  for  use  where  no 
water  under  pressure,  for  dissolving  the  gas,  can  be  easily  obtained. 
There  are  no  direct-feed  plants  in  Maryland  at  the  present  time, 
and  only  one,  at  Perryville,  is  regulated  automatically,  although 
automatic  equipment  is  about  to  be  furnished  at  Frederick. 

The  early  disinfecting  plants,  as  stated  previously,  all  made  use 
of  hypochlorite  of  calcium,  and  with  effective  results.  Those  on 
the  Avalon  and  Herring  Run  supplies  of  the  Baltimore  County 
Water  and  Electric  Company  were  the  first  to  be  installed  in  the 
state.  The  former  was  constructed  in  1908,  and  the  latter  during 
the  year  following.  Late  in  1910  the  Jones  Falls  supply  for  Bal- 
timore was  first  disinfected,  and  in  June,  1911,  the  Gunpowder 
River  plant  was  put  into  use.  Until  1913  these  were  the  only 
installations  of  disinfecting  apparatus  used  for  water  purification 
in  Maryland.  A  filtration  plant  had  been  previously  built  by 
the  Washington  County  Water  Company,  to  supply  Hagerstown 
from  Antietam  Creek  during  dry  periods,  and  hypochlorite  dosing 
apparatus  had  been  provided;  but  the  disinfectant  was  not  used 
until  the  summer  of  1913.  About  the  same  time,  the  State  Board 
of  Health  constructed  a  plant  for  the  Ellicott  City  system.  Cum- 
berland next  followed,  during  the  fall  of  the  same  year,  by  putting 
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into  operation  a  hypochlorite  plant  in  conjunction  with  the  me- 
chanical filters  on  its  new  suppl}'.  In  December,  the  mountain 
siipply  of  Hagerstown  was  furnished  with  hypochlorite  apparatus. 
A  typhoid  fever  epidemic  at  Rockville  during  February,  1914, 
made  necessary  the  construction  of  an  emergency  hypochlorite 
plant  by  the  State  Board  of  Health,  for  treating  the  supply  derived 
from  tubular  wells  driven  in  rock  and  proven  to  be  the  cause  of 
the  disease.  The  first  liquid  chlorine  apparatus  was  put  into 
operation  at  Union  Bridge  in  January,  1914,  for  treating  about 
120  000  gal.  of  water  derived  from  tubular  wells  driven  in  lime- 
stone rock.  An  ozone  plant  had  been  installed  in  1909  at  the 
Herring  Run  supply  of  the  Baltimore  County  AVater  and  Electric 
Company-,  but  at  first  it  was  used,  so  the  writers  are  informed,  only 
experimentally. 

After  the  powers  of  the  State  Board  of  Health  were  broadened, 
in  1914,  and  an  increased  appropriation  was  provided  for  sanitary 
engineering  work,  water  purification  plants  were  naturally  intro- 
duced at  a  more  rapid  rate  than  previously.  At  the  present  time 
there  are  eleven  liquid  chlorine  installations  treating  about  5  600- 
000  gal.  of  water  daily,  and  eleven  hypochlorite  plants  treating 
approximately  90  600  000  gal.  daily.  Of  the  latter  amount,  eighty 
million  gallons  are  delivered  to  Baltimore  City. 

Data  concerning  the  disinfecting  plants  in  Maryland  are  shown 
in  Table  3. 

Changes  are  taking  place  continually  in  the  water  supply  situa- 
tion in  this  state,  and  it  is  expected  that  the  number  of  disinfecting 
plants  soon  will  be  increased  and  that  alterations  will  be  made  in 
some  of  the  water  supplies,  which  will  involve  plants  now  in  opera- 
tion. At  Annapolis  the  existing  liquid  chlorine  plant  probably 
soon  will  be  used  in  conjunction  with  a  mechanical  filtration  plant, 
the  construction  of  which  is  contemplated,  and  at  the  Maryland 
House  of  Correction  the  li(iuid  chlorine  apparatus  already  in- 
stalled will  supplement  purification  by  slow  sand  filters  which  were 
recently  designed  by  the  writers,  and  which  will  soon  be  built. 
A  filtration  plant  is  being  constructed  at  Westminster,  and  one  is 
being  designed  for  the  Springfield  State  Hospital.  Liquid  chlorine 
probably  will  be  used  for  both  of  these  installations.  Liquid 
chlorine  will  soon  replace  hypochlorite  at  Westernport,  and  the 
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same  change  is  being  considered  for  the  Baltimore  filtration  plant, 
for  which  hypochlorite  was  recently  quoted  at  $290  a  ton,  on  the 
basis  of  a  yearly  contract.  There  is  a  marked  tendency  to  use 
liquid  chlorine  instead  of  hypochlorite  of  calcium  in  connection 
with  old  as  well  as  new  installations,  and  the  high  price  which  now 
has  to  be  paid  for  the  latter  will  stimulate  this  movement. 

The  amount  of  chemical  used  at  the  disinfecting  plants  in  Mary- 
land has  varied  widely  according  to  local  conditions.  It  has 
ranged  from  0.2  to  3.0  parts  per  million  of  available  chlorine  in 
the  case  of  hypochlorite  treatment,  and  from  0.25  to  0.67  parts 
where  liquid  chlorine  is  used.  Where  the  disinfectant  is  applied 
to  a  spring  or  well  water,  or  to/the  effluent  from  a  well-operated 
filtration  plant,  the  amount  required  is  usually  near  the  minimum 
mentioned  above.  In  the  case  of  turbid  waters,  larger  amounts 
have  been  found  necessary  for  proper  treatment,  and  at  times  of 
extreme  turbidity  excessive  quantities  are  required.  In  the  treat- 
ment of  the  Baltimore  City  water,  as  high  as  3  parts  per  million 
of  available  chlorine,  or  75  pounds  of  hypochlorite  to  the  million 
gallons,  have  been  used  on  raw  water.  The  amount  necessary  in 
many  instances  depends  also  upon  the  character  of  attention  given 
the  apparatus. 

It  is  by  no  means  a  fact  that  the  disinfecting  plants  in  Maryland 
have  been  operated  with  complete  satisfaction,  for  most  of  them 
have  had  trouble  of  some  kind.  The  difficulties  encountered  could 
generally  have  been  avoided  with  more  attention  to  proper  opera- 
tion. With  hypochlorite  plants,  the  principal  annoyance  has  been 
due  to  the  formation  of  coatings  which  clog  the  pipes;  and,  where 
the  solution  was  particularly  strong,  the  materials  of  which  the 
piping  was  made  have  been  attacked,  necessitating  the  replace- 
ment of  parts.  These  are  not  serious  troubles,  however,  and  can 
be  eliminated  by  frequent  inspection.  In  the  case  of  liquid  chlo- 
rine plants,  it  has  been  found  that  occasionally  a  part  becomes 
corroded  and  requires  replacement,  or  a  valve  gets  out  of  adjust- 
ment, but  the  gradual  perfection  of  apparatus  is  making  such 
occurrences  less  frequent. 

Where  faithful  and  intelligent  attention  has  been  given  to  opera- 
tion, and  the  amount  of  disinfectant  used  has  not  been  excessive, 
few  complaints  have  been  made  regarding  tastes  or  odors  in  the 
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water.  In  one  instance,  where  a  liquid  chlorine  plant  of  the  manual 
control  type  was  disinfecting  water  the  flow  of  which  fluctuated 
considerably,  there  was  always  an  overdose  at  night  which  caused 
complaint  due  to  tastes  noticeable  during  the  early  hours  of  the 
day.  This,  of  course,  was  the  fault  of  the  method  employed  and 
not  of  the  treatn.ient  itself.  In  general,  fewer  complaints  have 
l)een  registered  concerning  disagreeable  tastes  where  liquid  chlorine 
was  used  than  in  the  case  of  hypochlorite. 

There  has  been  a  marked  decrease  in  the  prevalence  of  typhoid 
fever  in  some  of  the  communities  where  disinfecting  plants  have 
lieen  installed.  In  most  cases,  however,  the  period  of  operation 
has  been  so  short,  and,  on  account  of  the  small  size  of  some  of  the 
places,  the  appearance  of  typhoid  so  irregular,  that  records  do  not 
indicate  clearly  the  effect  produced.  Moreover,  much  of  the  ty- 
phoid fever  in  IMaryland  is  attributable  to  causes  other  than  im- 
pure water  supplies.  Nevertheless,  there  are  certain  well-defined 
instances  where  a  decrease  in  typhoid  fever  morbidity  and  mor- 
tality can  be  traced  directly  to  purification  of  a  water  supply.  In 
Baltimore,  the  reduction  has  been  very  pronounced.  After  the 
disinfecting  plants  were  built,  the  prevalence  of  typhoid  immedi- 
ately fell  off ,  and  the  improvement  has  since  continued.  In  1915, 
both  the  morbidity  and  mortality  rates  from  this  disease,  although 
higher  than  in  many  of  the  larger  cities  of  the  country,  were  ap- 
proximately half  as  great  as  in  1910.  Following  the  introduction 
into  Cumberland  of  filtered  and  disinfected  water  from  Evitts 
Creek,  in  place  of  the  former  raw  supply  from  the  Potomac  River, 
the  occurrence  of  typhoid  fever  was  so  reduced  that,  in  1915,  there 
were  scarcely  more  than  one  sixth  as  many  cases  of,  and  one  fifth 
as  many  deaths  from,  this  disease  as  in  1913,  in  spite  of  the  fact 
that  the  corporate  limits  had  been  enlarged  in  the  meantime. 
However,  the  change  in  source,  and  the  long  storage  period  pro- 
vided in  the  reservoir,  would  undoubtedly  have  caused  a  large  pro- 
portion of  this  improvement  without  the  presence  of  a  purification 
plant.  One  of  the  most  striking  instances  of  the  effect  upon  ty- 
jihoid  occurrence,  caused  by  disinfecting  a  water  supply  in  Mary- 
land, was  that  of  the  Rockvillc  epidemic,  which,  after  twenty- 
eight  cases  had  occurred,  was  checked  suddenly  by  the  installation 
of  an  emergency  hypochlorite  plant. 
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EMERGENCY  HYPOCHLORITE  PLANT 

USED  BY   MARYLAND  STATE  DEPARTMENT  OF  HEALTH 

FOR  DISINFECTING  WATER  SUPPLIES 


■Mixing  Barrels- 


J^'g'  pip«  to  suction  of  pomp 


LIST  OF  MATERIAL 

Z- Clean  waVerfighj-  barrels 

Several  feet  of  I'm  and  5  in. galvanized  iron  pipe  and  fools  for 
cul+ing  and  threading 
5  —  I  in.  valves 
4—  lin."T"brancbes 
I  _  I  in. x^  in.  cross  or 4  way  fitting 
4—  Locknuts  to  attach  lln.pipe  to  barrels 
1  —  lin.  cross  or4  way  Fitting 
4—  I  in.  pipe  plugs 
I  —  ^in.  pipe  plug 
I  —  ^in.  petcocU 

I  —  Watertight  tank,  preferably  lead  lined,  witti  valve, and  float  control 
which  opens  valve  as  water  level  drops.  An  apparatus  of  this 
type  easily  obtained  is  af  lush  tank  foratoilet. 
I  —  Lead-lined  watertight  tank  with  valve.and  float  control  which  closes 
valve  as  water  level  drops. This  is  necessary  only  where  disinfectant 
is  introduced  into  suction  of  pump. 


Fig.  2. 


In  order  that  prompt  remedial  measures  may  be  instituted  when 
a  water  supply  is  at  any  time  found  to  be  in  an  unsafe  condition, 
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or  when  an  outbreak  of  typhoid  fever  casts  suspicion  on  a  water 
previous^  untreated,  the  engineers  of  the  State  Board  of  Health 
are  all  instructed  in  the  setting  up  of  an  emergency  hypochlorite 
dosing  apparatus,  making  use  of  ordinary  and  easily  obtainable 
materials.  A  sketch  showing  the  general  arrangement  of  the 
device  used,  including  a  bill  of  material,  has  been  prepared,  and  is 
usually  sent  ahead,  so  that  the  necessary  material  may  be  on  hand 
when  the  engineer  arrives  at  his  destination.  This  apparatus, 
shown  on  Fig.  2,  has  proven  its  value  on  many  occasions,  and 
several  of  the  installations  are  still  in  operation. 

Basing  judgment  on  experience  in  Maryland,  it  may  be  stated 
that,  where  chlorinating  plants  for  water  supplies  are  given  faith- 
ful and  intelligent  attention,  their  use  is  decidedly  a  success;  and 
they  provide  an  effective  and  inexpensive  method  for  treating 
many  water  supplies  which  do  not  need  filtration,  as  well  as  for 
safeguarding  those  supplies  for  which  filtration,  although  desirable, 
is  prohibitive.  Unfortunately,  there  seems  to  have  been  some 
tendency  among  manufacturers  to  convey  the  impression  that 
little  attention  need  be  paid  to  the  operation  of  a  liquid  chlorine 
plant.  This  has  given  the  operator  the  impression,  in  some  in- 
stances, that  the  apparatus  can  be  entirely  neglected.  While  it 
is  true  that  little  or  no  difficulty  need  be  experienced,  except  when 
parts  give  out,  neglect  is  certain  to  cause  irregularity  in  dosing, 
exposure  in  certain  cases  to  freezing  and  other  undesirable  results. 
Greater  efficiency  from  some  of  the  disinfecting  plants  in  Maryland 
is  to  be  expected  in  the  future,  as  the  State  Board  of  Health  will  be 
enabled  to  make  more  frequent  inspections  than  in  the  past.  This 
will  be  made  possible  by  the  fact  that,  in  addition  to  the  main  office 
of  the  engineering  division,  there  are  maintained  four  offices  in 
various  parts  of  the  state,  at  each  of  which  there  is  a  resident  en- 
gincei'  who  has  direct  supervision  over  sanitary  engineering  n;at- 
ters  in  his  district.  Without  an  effective  system  of  control,  di^in- 
fection  would  fall  short  of  giving  entiie  satisfaction  in  connection 
with  many  small  water  supplies. 
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DISCUSSION. 

Mr.  Harry  W.  Clark.*  The  disinfection  of  water  by  hypo- 
chlorite is,  of  course,  an  old  thing  at  the  present  time,  and  hypo- 
chlorite when  properly  and  continuously  applied  in  sufficient 
amounts  is  a  good  disinfectant  and  kills  a  very  large  proportion  of 
of  the  bacteria  in  water,  especially  in  clear  water.  However,  in 
Massachusetts,  as  you  know,  most  of  our  surface  waters  are  stored 
waters,  and  we  depend  largely  upon  storage  for  purification,  al- 
though there  are  quite  a  number  of  filters  in  the  state,  of  one  kind 
or  another.  I  think  there  are  twenty-eight  filters  in  Massachu- 
setts at  the  present  time,  and  only  one  place  where  liquid  chlorine 
or  h3q30chlorite  is  being  used,  that  place  being  Wakefield. 

We  have  very  little  call  for  the  use  of  disinfectants  in  connec- 
tion with  water  supplies.  As  you  all  know,  the  State  Board  of 
Health  was  changed  to  a  Department  of  Health  rather  more  than 
a  year  and  one-half  ago,  and  one  of  the  first  orders  of  the  new 
department  was  to  make  and  have  ready  a  hypochlorite  plant 
for  emergency  use,  to  rush  out  wherever  an  epidemic  of  typhoid 
fever,  due  to  a  polluted  water  supply,  was  occurring  or  was  im- 
minent. This  plant  has  been  in  one  of  the  storerooms  of  the 
laboratory  for  fourteen  months  without  an  emergency  call  of  that 
nature  arising,  and  I  trust  that  it  will  remain  there  another  four- 
teen months  without  being  called  for. 

In  a  state  like  Maryland,  and  in  many  states  where  the  care 
and  supervision  of  water  supplies  is  a  new  thing  and  where  a  great 
many  supplies  are  taken  from  sources  such  as  described  in  this 
paper,  I  think  the  use  of  hypochlorite  or  liquid  chlorine  is  entirely 
justified,  and  I  have  no  doubt  it  has  cut  down  typhoid  fever  in 
places  in  Maiyland.  But,  as  I  say,  we  have  had  very  little  use 
for  it  in  Massachusetts.  I  have  nothing  to  say  against  disinfec- 
tion.    When  and  where  it  is  necessary,  I  believe  in  it. 

The  paper  spoke  of  disinfection  by  ultra-violet  rays,  and  for 
the  past  year  and  one-half  we  have  had  an  ultra-violet  ray  plant 
in  operation  at  the  Lawrence  Experiment  Station,  testing  its 
efficiency  with  both  turbid  and  clear  waters.  Judging  from  the 
results  of  our  tests,  this  method  of  sterilization  is  more  costly 
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and  with  us  not  as  efficient  as  liquid  chlorine  or  hypochlorite. 
Still,  it  is  an  interesting  process,  and  the  class  of  men  working 
upon  its  improvement  will  probably  lessen  its  cost  and  increase 
its  efficiency.  I  understand  that  at  Ottawa  very  good  results 
have  been  obtained  from  the  experiments  carried  on  there,  and 
these  results  are  better  than  those  we  have  obtained  at  Lawrence. 
However,  they  may  have  a  clearer  water.  If  the  water  is  slightly 
turbid,  the  ultra-violet  ra^^  seems  to  have  very  little  efficiency. 
I  have  investigated  the  use  of  ozone,  and  have  visited  ozone 
plants  abroad  and  one  or  two  in  this  country.  They  seem  able 
to  work  them  abroad  successfully,  but,  I  believe,  at  a  considerable 
expense.  At  one  plant  I  visited  in  this  country,  where  it  was  said 
ozone  was  being  used  and  good  results  obtained,  there  was  a  marked 
odor  of  hypochlorite  around  the  plant,  and  evidently  it  was  being 
used;  in  fact,  I  do  not  think  ozone  was  doing  the  work,  but  an 
abundant  supph'  of  hypochlorite  was.  One  could  taste  it  in  the 
water  and,  as  I  said,  smell  it  around  the  plant.  This  is  also  a  very 
interesting  process,  and  I  hope,  as  I  do  in  regard  to  the  ultra- 
violet ray,  that  it  will  eventually  be  more  universally  successful 
and  of  low  cost. 
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EXPERIENCE  WITH  WOOD  PIPES  IN  NEW  HAMPSHIRE. 

BY   ARTHUR   W.    DUDLEY.* 

[Read  November  10,  1915.] 

Wood  pipe  for  centuries  has  been  in  use  as  a  means  for  conveying 
water  and  was  one  of  the  earher  materials  used  for  this  purpose. 
The  Romans  used  it  for  generations,  substituting  it  for  the  old 
sheet  lead  pipes  that  were  used  in  their  first  aqueducts.  The 
first  water  supply  of  London  had  lead  and  wood  mains,  and  the 
latter  eventually  replaced  all  of  the  lead  pipes.  Some  of  their 
old  wooden  pipes  have  been  lately  removed  from  the  London 
streets  and  all  were  found  to  be  in  a  perfect  state  of  preservation. 
In  our  older  American  cities,  New  York,  Philadelphia,  Boston, 
Portsmouth,  N.  H.,  and  others,  it  was  used  in  their  first  systems, 
and  at  the  present  day  is  removed  in  a  perfect  state  of  preserva- 
tion. The  writer  has  in  his  office  a  section  dug  up  in  Bowdoin 
Square  in  Boston  during  the  excavation  for  the  subway  that  is  as 
sound  as  when  cut  from  the  forest.  It  is  of  solid  white  oak  timber 
10, in.  outside  diameter,  of  octagonal  form,  with  an  inside  bore 
of  4  in.  This  was  a  part  of  Boston's  first  water  system,  laid  more 
than  two  hundred  years  ago.  The  water  was  taken  from  a  pond 
on  Beacon  Hill,  and  was  abandoned  in  1814,  when  an  extension 
to  the  State  House  occupied  the  ground  covered  by  this  pond. 

The  writer  several  years  ago  saw  one  of  the  ancient  pipe  lines 
at  Portsmouth,  N.  H.,  dug  up  that  consisted  of  pine  logs  with  a 
3-in.  bore  and  found  the  entire  line  uncovered  as  sound  and  in  as 
good  condition  for  conveying  water  as  when  laid.  This  pipe 
line  must  have  been  laid  for  two  hundred  years  or  more.  At 
Exeter,  N.  H.,  a  wood  pipe  aqueduct  was  used  up  to  the  installa- 
tion of  their  present  water  system  in  1886,  and  had  given  good 
service  for  nearly  one  hundred  years.  These  pipes  when  en- 
countered in  street  excavations  are  invariably  found  to  be  en- 
tirely free  from  decay.  These  ancient  wooden  water  pipes  were 
bored  logs,  and  in  their  manufacture  the  very  best  part  of  the 
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timber,  namely,  the  heart  was  removed.  It  may  be  asked  why, 
if  wood  pipe  was  so  durable,  should  cast  iron  or  any  other  material 
be  substituted?  The  answer  to  that  question  is  that  the  old 
method  of  making  a  wood  pipe  limited  its  inside  diameter  to  the 
size  of  the  log,  and,  therefore,  large  pipes  were  both  expensive 
and  usually  impracticable;  6  in.  inside  diameter  was  nearly  the 
limit  of  such  pipe.  By  the  modern  method  of  making  wood  pipe 
the  diameter  is  practically  unlimited,  and  it  has  been  made  in  the 
continuous  form  up  to  ten  feet  in  diameter. 

The  two  forms  of  wood  pipe  in  common  use  are,  the  continuous 
pipe,  built  of  staves,  breaking  joints,  put  together  in  the  trench, 
and  what  is  termed  "machine  made."  This  latter  is  made  in 
lengths  from  3  to  14  ft.,  and  shipped  to  the  work  ready  to  be  laid. 
The  staves  are  about  2  in.  in  thickness,  are  cut  true  to  the  circle 
of  the  diameter  of  the  pipe.  These  staves  have  two  beads  upon 
each  longitudinal  edge,  and  two  corresponding  grooves  in  the 
other  longitudinal  edge.  The  beads  are  slightly  larger  than  the 
grooves  and  when  pressed  together  the  bead  crushes  into  the 
groove,  this  making  it  perfectly  watertight.  At  one  end  there 
is  a  tenon  4  in.  long  where  the  staves  are  one  half  the  thickness  of 
the  balance  of  the  walls  of  the  pipe.  On  the  other  is  a  chamber 
cut  4  in.  deep.  The  tenon  is  slightly  smaller  in  diameter  at  the 
end  than  at  the  shoulder  so  that  when  driven  into  the  chamber  it 
makes  a  watertight  joint.  These  staves,  cut  radially  to  cor- 
respond with  the  diameter  of  the  pipe,  are  held  together  by  a  steel 
band,  either  flat  or  round,  wound  spirally  upon  the  pipe  by 
a  machine.  The  high  tension  of  this  band  forces  the  beads 
into  the  grooves,  making  a  longitudinal  joint  that  cannot  leak 
so  long  as  the  elastic  limit  of  the  bands  is  not  overcome.  After 
the  pipe  is  wound,  and  the  tenon  and  chamber  cut,  it  is  rolled 
in  a  bath  of  asphalt  that  adheres  to  the  outside  of  the  steel  and 
wood,  protecting  them  from  oxidation.  Usually  a  second  coating 
of  asphalt  is  applied.  It  is  then  rolled  in  a  bed  of  sawdust  that 
forms  a  protection  for  it  in  shipping  and  handling.  It  is  laid  by 
driving  one  piece  into  another  until  the  shoulders  are  in  close 
contact.  This  form  of  pipe  is  made  for  diameters  from  3  to 
36  in.;  the  larger  pipes  are  made  in  the  continuous  form.  The 
eastern  manufacturers  make  their  pipes  of  the  best  obtainable 


320         EXPERIENCE    WITH    WOOD    PIPES    IN    NEW    HAMPSHIRE. 

/ 

Canadian  pine.  The  Pacific  Coast  pipe  is  made  of  Douglass 
fir  and  redwood,  and  is  banded  with  round  steel  wire  instead  of 
flat  steel,  and  differs  also  in  that  the  pipes  are  all  made  with 
tenon  ends,  that  are  connected  with  sleeyes  6  to  8  in.  in  length. 
The  manufacturers  claim  that  this  method  of  connecting  gives 
greater  strength  to  the  pipe  line,  and  also  that  Douglass  fir  and 
redwood  is  a  stronger  material  than  pine.  The  writer,  however, 
after  experimenting  with  both  forms  of  pipe,  came  to  the  conclu- 
sion that  while  the  claim  that  the  sleeve  method  of  connection 
may  be  stronger,  the  difficulty  in  coating  the  exposed  ends  of 
these  sleeves,  and  the  fact  that  they  would  not  be  saturated  at  all 
times,  exposed  them  to  greater  danger  from  decay.  Also  that 
while  Douglass  fir  might  and  probably  does  possess  greater  tensile 
and  crushing  strength  than  pine,  still  its  greater  brittleness  ex- 
poses it  to  more  danger  from  water  hammer,  and  for  these  and 
other  minor  reasons  has  given  the  preference  to  the  tenon  and 
chamber,  flat  hooped  pipe.  This  form  of  wood  pipe  was  first 
laid  in  New  Hampshire  in  1895  at  Penacook,  a  suburb  of  Concord, 
and  this  system  was  afterwards  connected  with  and  incorporated 
into  the  Concord  water  system.  The  Antrim  water  system,  con- 
structed in  1896,  is  a  gravity  system;  its  source  of  supply  is  Camp- 
bell's Pond,  some  three  miles  from  the  village,  and  the  head  is 
slightly  over  200  ft.  The  entire  system,  both  supply  and  dis- 
tribution pipes,  is  of  wood.  The  writer  on  several  occasions 
during  the  past  few  years  has  uncovered  and  examined  pipes  in 
this  water  system,  and  has  invariably  found  them  as  perfect  as 
when  laid;  the  leakage  here,  as  in  all  wood  pipe  lines  that  he  has 
had  to  do  with,  is  infinitesimal. 

Other  water  systems,  most  of  them  designed  and  constructed  by 
the  writer,  are,  —  Campton  Village,  where  the  bead  is  186  ft.  and 
the  supply  pipe  12  in.  and  10  in.,  the  distribution  pipe,  8  in.  and 
6  in.  in  diameter;  this  was  constructed  in  1905.  Freedom,  N.  H., 
constructed  in  1912,  with  a  head  of  300  ft.  Both  of  these  systems 
have  no  apparent  leaks  and  have  cost  next  to  nothing  for  repairs 
since  their  installation.  Bristol,  N.  H.,  has  a  20-in.  wood  pipe  sup- 
ply line  connecting  the  village  distribution  system  with  New  Found 
Lake,  the  source  of  supply.  Laconia,  N.  H.,  has  a  wood  pipe 
intake  line  laid  400  ft.  into  Lake  Winnepesaukee,  connecting  with 
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the  pumping  station.  Hudson,  X.  H.,  has  an  8-in.  supply  Hne 
from  Tarnic  Pond,  and  the  writer's  firm  is  this  season  construct- 
ing two  water  systems  with  wood  pipe  supply  line,  one  with  a 
four-mile  distribution  line  in  a  suburban  street.  The  smaller 
system  is  at  Troy,  N.  H.  The  source  of  supply  is  a  small  stream 
that  has  its  source  in  the  west  slope  of  Mt.  Monadnock,  and 
this  wood  supply  line,  some  four  miles  in  length,  is  of  12-in.  and 
10-in.  pipe,  the  head  is  310  ft.,  the  distribution  system  is  to  be 
cast-iron  pipe.  This  is  now  in  progress  of  construction  and  is 
about  three  fourths  completed.  The  wood  pipe  used  is  of  the 
Michigan  pattern. 

The  Pembroke  water  system  is  a  reconstruction  and  extension 
of  the  former  Suncock  Water  Works  w'ith  a  new  source  of  supply. 
The  old  system,  formerly  owned  by  the  Suncock  Water  Works 
Company  that  supplied  w^ater  to  Suncock  Village  in  the  town  of 
Pembroke  and  Allenstown,  was  never  satisfactory,  either  in  the 
fire  service  rendered  or  the  quantity  or  quality  of  the  water  fur- 
nished, and  was  acquired  in  1914  by  the  town  of  Pembroke.  In 
order  to  secure  a  satisfactory  source  it  was  found  necessary-  to  go 
to  Pleasant  Lake,  fourteen  miles  distant,  in  the  town  of  Deerfield, 
N.  H.  Lake  Pleasant  is  316  ft.  above  the  lower  level  of  Suncook 
Village.  The  first  proposition  was  to  convey  the  water  from  the 
lake  to  a  reservoir  nearer  the  village  at  a  sufficient  elevation  for  a 
good  fire  service,  but  as  the  pipe  line,  necessarily  following  the 
valley  of  the  Suncook  River,  would  pass  through  a  populous  sec- 
tion, including  three  villages  in  the  town  of  Epsom,  it  was  decided 
to  draw  direct  from  the  lake  and  supplement  the  system  with  the 
old  Reservoir  of  the  Suncook  system,  that  had  a  capacit}^  of  three 
million  gallons,  for  emergencies.  This  reservoir  was  not  suffi- 
ciently high  to  cover  the  proposed  extension  to  Pembroke  Street, 
a  residential  section  of  the  town  north  of  the  village.  The  supply 
pipe  line,  14  miles  in  length,  that  is  now  nearly  completed,  is  laid 
with  16-in.,  14-in.,  and  12-in.  wood  stave  pipe,  and  the  suliurban 
distribution  line  in  Pembroke  Street,  four  miles  in  extent,  with 
8-in.  and  6-in.  wood  pipe.  One  half  this  pipe  was  purchased  from 
the  Wyckoff  Company,  of  Elmira,  X.  Y.,  and  the  other  half  from 
the  Michigan  Pipe  Company  of  Bay  City,  Mich.  The  saving 
in  first  cost  under  what  it  would  have  cost  to  construct  these 
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lines  with  Standard  cast-iron  pipe  is  slightly  over  $52  000.  One 
river  crossing  110  ft.  in  length  was  made  with  cast-iron  pipe. 
A  section  where  the  wood  pipe  saved  considerable  expense  and 
difficulty  was  in  the  first  two  miles  from  the  source.  Here  the 
pipe  was  laid  through  a  swampy  tract  of  land ;  a  portion  of  it  was 
an  impassable  morass  except  when  the  surface  is  frozen.  This 
two  miles  was  laid  in  December  and  January  last.  The  surface 
at  that  time  was  frozen  to  a  sufficient  depth  to  allow  teams  to  pass 
over  it  and  provide  a  footing  for  the  pipe  layers.  At  places  the 
flow  of  ground  water  was  so  copious  that  it  required  the  continual 
use  of  a  6-in.  Cameron  steam  pump  operating  day  and  night  to  care 
for  it.  The  trench  required  close  sheet,  piling  thoroughly  braced. 
This  was  laid  with  16-in.  pipe,  and  it  would  have  been  almost  an 
impossibility  to  have  laid  and  calked  cast-iron  pipe  in  this  section. 
As  the  lake  is  elsewhere  surrounded  by  high  hills  and  ridges,  this 
was  the  only  practical  place  to  take  a  pipe  line  out  of  it.  This 
pipe  line  was  laid  to  a  true  grade.  The  bottom  of  the  trench, 
which  averaged  about  10  ft.  in  depth,  when  the  grade  did  not  carry 
it  through  the  mud  or  quicksand,  was  filled  with  brush  and  small 
wood  removed  from  the  right  of  way,  the  pipe  was  laid  on  this  and 
weighted  with  sand  bags,  as  it  could  not  safely  be  filled  with  water 
until  connected  with  the  intake.  Considerable  difficulty  was 
experienced  by  the  clogging  of  the  pumps  first  installed  with 
vegetable  matter  and  roots,  but  after  securing  the  Cameron  pump 
we  had  no  further  trouble  of  this  kind.  This  supply  line  has  been 
well  equipped  with  both  air  and  vacuum  valves. 

For  the  Pembroke  Street  installation,  wood  pipe  was  chosen, 
mainly  for  the  reason  that  the  Manchester  and  Concord  Electric 
Railway  passes  over  almost  its  entire  length,  and  as  no  provision 
for  a  return  current  is  made  there,  an  iron  pipe  line  would  un- 
doubtedly have  formed  this  circuit,  with  the  danger  of  electrolysis 
imminent.  Upon  Pembroke  Street  is  located  the  Pembroke 
Academy,  the  Town  Hall,  several  churches,  and  the  best  resi- 
dences in  the  town.  These,  however,  all  have  large  lots  and  some 
extensive  grounds  so  that  the  services  are  not  very  near  together. 

Ablett  &  Bowes,  of  Cohoes,  N.  Y.,  are  the  contractors  for  this 
work,  and  the  difficult  part  of  it,  consisting  of  laying  the  16-in. 
pipe  through  the  bog,  was  done  on  the  percentage  plan,  and  a 
considerable  saving  was  made  in  this  way. 
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Mr.  Frank  S.  Ablett,  of  the  contracting  firm,  has  been  in  im- 
mediate charge  of  the  work,  with  Mr.  Harry  W.  Sawyer,  the 
business  partner  of  the  writer,  as  engineer  in  charge,  and  much 
crecUt  should  be  given  both  for  their  constant  and  unremitting 
perseverance  in  pushing  it  through  in  the  winter  months,  under 
constantly  recurring  difficulties. 

The  intake  at  the  lake,  which  extends  about  200  ft.  into  the 
water,  and  the  gatehouse  at  its  extremity,  were  completed  in 
January,  the  ice  forming  a  firm  footing  and  support  for  the  coffer- 
dam used,  and  making  access  and  delivery  of  material  compara- 
tively easy.  Hot  water  was  used  in  mixing  mortar,  and  a  stove 
inside  the  gatehouse  helped  in  drying  out  arid  preventing  freezing. 
This  intake  is  in  about  fifteen  feet  of  water,  but  as  the  lake  at  the 
time  of  its  construction  was  drawn  down  to  its  low  water  limit, 
less  than  one  half  that  depth  had  to  be  dammed. 

The  saving  in  wood  pipe  8  in.  and  under  is  not  nearly  as  much 
as  on  the  larger  pipes,  and  for  city  or  village  streets  when  services 
are  taken  off  with  close  frequency  should  not  be  recommended. 

To  sum  up  the  situation,  wood  pipe  has,  besides  the  saving 
in  cost  of  both  pipe  and  installation,  these  advantages: 

1.  It  is  preserved  by  water,  and  not  rusted  or  corroded  by  it. 

2.  It  is  not  corroded  by  anj'-  substance,  or  destroyed  by  acids 
or  salts. 

3.  Its  carrying  capacity  is  20  per  cent,  greater  than  cast-iron 
pipe,  and  remains  constant,  while  that  of  metal  pipe  decreases 
with  age. 

4.  It  does  not  taint  or  affect  fluids  going  through  it. 

5.  It  does  not  burst  if  frozen,  the  clasticit}^  of  the  wood  pre- 
venting it. 

6.  It  requires  less  labor  and  experience  to  lay  in  place  than 
metal  pipe,  and  a  considerable  saving  can  be  made  here. 

7.  It  can,  when  service  pipes  are  not  taken  off,  be  laid  in 
shallower  ditches  than  metal  pipe,  for  it  is  not  so  easily  affected 
by  frost. 

8.  In  the  writer's  experience,  while  more  or  less  joints  show 
slight  leakage  when  the  pipe  is  first  filled,  they  soon  swell  up  and 
give  less  trouble  in  the  end  than  cast-iron  pipe. 
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THE   PROPOSED   AUXILIARY  WATER  SUPPLY  OF 
BROCKTON,  MASS. 

BY   ROBERT    SPURR   WESTON.* 

[Read  March  8,  1,916.] 

In  the  annual  report  of  the  Water  Commissioners  of  the  Citj'  of 
Brockton,  Massachusetts,  it  was  stated  that,  "  during  the  hot,  dry 
season,  for  several  hours  a  day,  and  for  a  number  of  days,  the  con- 
sumption of  water  exceeded  the  capacity  of  the  present  main  from 
Silver  Lake.  This  indicates  the  need  of  a  second  main,  more 
storage,  or  the  use  of  the  old  supply  at  times." 

The  commissioners  consulted  their  chemist  and  bacteriologist, 
Mr.  George  E.  Boiling,  who  reported  that  by  treatment  of  the 
water  of  the  older  source,  namely,  the  Salisbury  Brook  Reservoir, 
with  sulphate  of  alumina,  followed  by  filtration  through  sand,  the 
color  of  the  water  could  be  reduced  to  less  than  that  of  Silver  Lake, 
the  newer  source,  and  used  to  supplement  the  present  supply 
when  necessary.  At  the  further  suggestion  of  Mr.  Boiling,  the 
writer  was  appointed  to  report  on  the  general  subject  of  auxiliary 
water  supply,  including  an  outline  design  of  a  purification  plant 
should  the  same  be  found  necessary. 

In  order  to  decide  whether  a  second  main,  more  storage,  or  the 
utilization  of  the  older  supply  at  times  would  be  advisable,  the 
writer  studied  with  care  the  various  reports  of  the  water  commis- 
sioners, of  the  Massachusetts  State  Board  of  Health,  of  Engineers 
Snow,  Felton  and  FitzGerald,  of  Superintendent  Kingman,  and  of 
Chemist  Boiling.  In  addition,  the  existing  sources  of  supply  were 
examined  with  Mr.  Horace  Kingman,  chairman  of  the  board. 
The  results  of  these  studies  are  as  follows. 

Present  Sources  of  Supply. 

The  water  supply  of  Brockton  dates  from  1880,  and  was  drawn 
first  from  the  Salisbury  Brook  Reservoir  in  Avon.     This  source  is 

*  Of  Weston  &  Sampson,  Consulting  Engineers,   14  Beacon  Street,  Boston. 
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safe  from  a  sanitary  standpoint,  but,  on  account  of  the  high  color, 
and  vegetable  odor  and  taste  of  the  water,  was  never  an  entirely 
satisfactory  supply  from  the  consumer's  standpoint.  In  1904, 
the  increasing  consumption  of  the  growing  city  exceeded  the  yield 
of  this  reservoir,  and  on  October  12  of  the  same  year  the  new 
Silver  Lake  supply  was  put  into  service.  This  excellent  source 
has  now  served  the  city  for  eleven  years,  and  has  a  safe  yield  of 
3  500  000  gal.  without  drawing  down  the  lake  materially. 

As  a  source  of  supply,  Silver  Lake  leaves  little  to  be  desired. 
The  water  is  soft,  clear,  of  low  color,  and  almost  free  from  objec- 
tionable odors  and  tastes.  Furthermore,  the  drainage  area  is 
sparsely  inhabited,  and  the  reports  of  the  city  chemist  show  the 
water  to  be  suitable  for  all  purposes.  It  is  delivered  by  means 
of  two  pumps,  each  having  a  capacity  of  6  000  000  gal.  daily, 
through  a  24-in.  pipe  line  11.62  miles  long,  discharging  into  two 
distributing  reservoirs  located  in  Avon  and  having  a  total  capacity 
of  8  000  000  gal.  The  capacity  of  the  pipe  line  is  now  6  000  000 
gal.  daily. 

Yield  of  Silver  Lake. 

In  1897,  Messrs.  Snow  and  Kingman  reported  on  the  Silver 
Lake  supply,  as  did  Messrs.  Felton  and  FitzGerald  in  1901.  The 
lake,  when  full,  has  an  area  of  644  acres  (about  one  square  mile)  and 
a  storage  capacity  of  5  371  000  000  gal.  below  high-water  mark. 
Mr.  Felton  estimated  that  Silver  Lake  would  supply  3  500  000  gal. 
daily  without  drawing  down  the  level  of  the  water  more  than  11  ft. 
He  also  estimated  that  4  000  000  gal.  daily  might  be  obtained  by 
draAving  the  lake  down  20  ft. 

Mr.  Felton's  studies  were  based  on  the  rainfall  records  and  the 
Sudbury  River  run-off  records  for  twenty-five  years  ending  with 
1899.  Similar  studies  by  us,  using  the  same  method,  but  based  on 
the  rainfall  and  Sudbury  records  for  the  twenty-five  years  ending 
with  1914,  are  given  in  Fig.  I .  This  shows  that  a  draft  of  3  500  000 
gal.  a  day  would  draw  Silver  Lake  down  16  ft.  by  1938,  while  a 
draft  of  4  000  000  gal.  would  draw  it  down  16  ft.  by  1935.  The 
difference  in  these  two  estimates  in  result  is  explained  by  the  lower 
rainfall  for  the  period  1889-1913  than  for  the  period  1875-1899, 
taken  by  Mr.  Felton. 
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Brockton  Water  Works, 
Brockton.  Mass.- 

Height  of  Water  in  Silver  Lake  1915-1940 
ASSUMING  Yearly  Yields  similar  to  Period   1889-1914 

A  -  Average  Draft  ,  3.500.000  Gal-uons  per  Day 
B  -  Average  Draft,  4,000,000  Gaulons  PEf=!  Day 
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The  following  data  from  the  Sudbury  River  records  show  the 
difference  between  the  periods: 

Data  from  Sudbury  River  Records. 

Average  raiiif all,  1875-1899 45.83  in. 

Average  rainfall,  1889-1913 ^ 44.99  in. 

Average  rainfall,  1875-1913 ' 44.99  in. 

Average  yield,  1875-1899 1  069  720  gals,  per  day  per  sq.  mile. 

Average  yield,  1889-1913 976  840  gals,  per  day  per  sq.  mile. 

Average  yield,  1875-1913 1  ODO  000  gals,  per  day  per  sq.  mile. 

It  will  be  noted  that  the  average  rainfall  for  the  period  1889- 
1913  happens  to  be  the  same  as  for  the  whole  period  1875-1913, 
while  that  in  the  period  1875-1899  is  0.84  in.  higher. 

The  average  yield  of  the  land  surface  of  the  Sudbury  River 
drainage  area  for  1875-1913  was  1  000  000  gal.  per  square  mile; 
and  on  the  same  basis  the  3.4  square  miles  of  drainage  area  of 
Silver  Lake  would  yield  3  400  000  gal.  per  day  without  drawing 
upon  the  storage  within  the  lake.  While  the  rainfall  at  Silver 
Lake  probably  averages  slightly  less  than  at  Sudbury,  the  drawn 
down  lake  would  yield  slightly  more  because  of  the  sandy  character 
of  the  soil.  Therefore  it  may  be  stated  definitel}'',  as  a  result  of 
various  estimates  and  experience,  that  Silver  Lake  may  be  de- 
pended upon  to  furnish  3  500  000  gal.  without  depressing  the  sur- 
face of  the  lake  more  than  11  ft.;  and  3  830  000  gal.  daily  without 
drawing  it  down  more  than  16  ft.  These  seem  eminently  safe 
estimates. 

Effect  of  Reduction  of  Storage  on  the  Quality  of  Water. 

The  depth  16  ft.  has  been  assumed  as  the  point  below  which 
Silver  Lake  might  not  be  drafted.  This  is  the  depth  assumed  by 
Mr.  Felton,  and,  with  the  lake  so  drawn  down,  the  storage  capacity 
would  be  reduced  one  half,  as  the  following  table  (Felton,  1901 
Report,  p.  40)  shows. 

The  present  excellent  quality  of  Silver  Lake  is  due  to  the  very 
long  storage  of  the  water  which  enters  it.  For  example,  the  aver- 
age colors  of  the  water  c/f  Tubbs  Meadow  Brook  and  Jones  River, 
the  main  feeders  of  Silver  Lake,  are  1.00  and  1.96,  respectively. 
These  colors  are  reduced  to  0.09  by  long  storage  before  the  water 
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Storage  Capacity  of  Silver  Lake. 


Depth. 

Area.  Acres. 

Storage  Capacity. 
Gallons. 

At  high  water, 

644 

5  371  361  000 

5  feet  be] 

ow  high  water, 

538 

4  370  334  000 

10 

,, 

414 

3  562  659  000 

15 

372 

2  902  487  000 

20 

337 

2  312  314  000 

25 

286 

1  801  163  000 

30 

238 

1  352  906  000 

40 

120 

606  471  000 

50 

64 

198  215  000 

60 

21 

37  305  000 

70 

2 

is  used.  It  is  obvious,  therefore,  that  any  considerable  reduction 
in  storage,  hke  50  per  cent.,  will  impair  the  quality  of  the  water 
more  or  less.  Furthermore,  the  writer  believes  that  such  a  reduc- 
tion in  storage  might  cause  increases  in  the  growths  of  those  organ- 
isms which  produce  objectionable  odors  and  tastes  in  the  water. 
Some  of  these  organisms,  for  example,  Anabsena,  have  appeared 
in  Silver  Lake  from  time  to  time  in  large  enough  numbers  to  be 
noticed,  also  numbers  of  less  objectionable  organisms  like  Melosira. 
The  following  table,  compiled  from  Mr.  Boiling's  reports,  shows 
the  frequency  of  occurrence  of  organisms  in  the  past. 

Occurrence  of  Microscopical  Organisms  in  Silver  Lake  Water, 

1906-1914. 


No.  OF  Organisms 

Variations  in  Org.4ni.sms  per  C.C. 

No.  of  Ex- 
amina- 

PER C.C. 

No.  OF  Counts. 

\  ear. 

tions. 

Mean. 

Median. 

Ill 

100  to  .500. 

500  to 
1000. 

1000  to 
2  000. 

11 

1906 

45 

466 

226 

5 

33 

4 

2 

1 

1907 

58 

222 

199 

2 

34 

12 

4 

6 

1908 

47 

333 

274     1 

7  • 

20 

8 

2 

10 

1909 

41 

604 

362 

4 

19 

7 

6 

5 

1910 

41 

431 

336 

5 

25 

11 

1 

0 

1911 

48 

677 

358 

1 

29 

13 

4 

1 

1912 

47 

899 

279 

5 

30 

12 

0 

0 

1913 

44 

866 

358 

9 

25 

10 

0 

0 

1914 

48 

437 

185 

9 

22 

10 

"     7 

0 

Average 

47 

548 

286 

5 

26 

10 

3 

3 
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Because  about  10  per  cent,  of  the  tests  show  the  presence  of  more 
than  1  000  organisms  per  c.c,  and  objectionable  organisms  in 
numbers  large  enough  to  be  noticeable  have  been  found  during 
the  years  1905,  1906,  1907,  1908,  1910,  1911,  and  1914,  it  is  not 
safe  to  assume  that  the  storage  could  be  reduced  one  half  without 
at  the  same  time  introducing  conditions  more  favorable  to  growths 
of  objectionable  organisms. 

Because  it  requires  long  storage  to  reduce  the  color  of  the  water 
entering  the  lake,  it  seems  reasonable  that  the  removal  of  color 
would  not  be  so  great  were  the  storage  reduced  one  half. 

To  preserve  the  excellent  character  of  the  water,  the  lake  should 
be  kept  as  full  as  practical^le.  If,  in  the  future,  Howard  and  Pine 
brooks  be  diverted  to  Silver  Lake,  thereby  increasing  the  supply 
by  3  390  000  gal.  daily,  it  may  be  best  at  the  same  time  to  main- 
tain the  longer  period  of  storage  bj'  increasing  the  height  of  the 
dam  at  the  outlet.     Although  Silver  Lake  has  a  safe  yield  of  3  500- 

000  gal.  daily,  or  a  higher  yield  if  the  storage  be  drawn  upon,  it 
must  be  supplemented  in  the  not  very  distant  future  by  other 
sources.  The  time  when  this  increase  should  be  made  is  estimated 
as  follows. 

Population. 

Until  recently,  Brockton  has  grown  very  rapidly.  In  1901  it 
was  estimated  by  former  City  Engineer  Charles  R.  Felton  that  in 
1915  the  population  would  be  nearly  67  300.  Owing  to  industrial 
conditions,  however,  the  rate  of  growth  has  declined,  and  the  state 
census  for  1915  gives  Brockton  a  population  of  but  61  944.  It  is 
believed,  however,  that  this  decline  in  the  rate  of  increase  is  not 
permanent,  and  the  rate  of  increase  will  be  greater  in  the  future 
than  it  has  been  recently. 

Since  January  1,  1905,  the  town  of  Whitman  has  been  supplied 
from  Silver  Lake.  The  present  population  of  this  town  is  7  443. 
At  present,  water  is  also  furnished  to  West  Bridgwater  (population 
2  736),  to  a  portion  of  Hanson  (population  600),  and  to  a  portion 
of  East  Bridgewater  (population  210).  In  addition,  connections 
are  now  being  made  to  supply  a  portion  of  Easton  (pojiulation 

1  000)  from  the  same  source. 

The  future  population  of  Brockton  has  been  estimated  by  several 
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engineers  in  the  past.  Their  estimates  have  been  examined,  re- 
vised to  conform  with  the  census  records  which  have  been  made 
since,  and  on  this  l)asis  new  estimates  have  been  made,  —  not 
only  of  Brockton  but  of  all  the  neighboring  communities  supplied 
from  the  Silver  Lake  source.  These  populations  are  given  in  the 
following  table  and  are  plotted  in  part  on  Fig.  V. 

Consumption  of  Water. 

The  following  table  shows  the  consumption  of  water  in  Brockton 
since  1900,  and  in  Brockton,  Hanson,  East  and  West  Bridgewater 
since  1905.  It  also  shows  the  estimated  consumption  for  the  part 
of  Easton,  connections  with  which  have  just  been  made.  The 
consumptions  are  estimated  until  1950.  Both  the  total  and  the 
per  capita  consumptions  are  given  in  the  table,  and  are  plotted  on 
Fig.  VI. 


Population. 

CONSCMPTIOX. 

Year. 

Gallons  per  Capita 
per  Day. 

Total  Average 
Daily. 

1900 

46  218 

29.3 

1  354  000 

1905 

54  315 

.36.9 

2  006  000 

1910 

64170 

37.0 

2  374  000 

1915 

73  930 

43.3 

3  201  000 

1920 

81720 

47.6 

3  890  000 

1925 

89  530 

51.9 

4  647  000 

1930 

97  420 

.56.2 

5  475  000 

1935 

105  360 

60.4 

6  364  000 

1940 

113  400 

64.8 

7  348  000 

1945 

121  4.50 

69.1 

8  392  000 

1950 

129  450 

73.3 

9  480  nno 

Time  of  Increase  in  Silver  Lake  Supply. 

Mr.  Felton  estimated  that  the  consumption  of  Brockton  and 
Whitman  would  reach  the  safe  jdeld  of  Silver  Lake  in  1918,  and 
that,  by  drawing  the  water  down  16  ft.,  it  might  be  used  without 
addition  until  about  1930.  Since  Mr.  Felton's  estimate  was  made, 
West  Bridgewater,  East  Bridgewater,  Hanson,  and  part  of  Easton 
have  been  added  to  the  district  supplied.     Furthermore,  the  per 
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capita  consumption  has  exceeded  the  estimate,  as  shown  by  the 
tables  and  diagrams  accompanjang  this  report.  On  the  other 
hand,  the  estimates  of  future  population  for  Brockton  and  especially 
Whitman,  made  bj^  Mr.  Felton,  were  consideral^ly  more  than  we 
are  able  to  make  at  the  present  time,  so  that  the  differences  nearly 
balance  one  another.     They  are  compared  in  the  following  table. 


Table  showing  Estimated  Water  Consumption  of  the  Brockton  Water 

District. 


Per  Capita  Consumption. 

Total  Consumption. 

Gallons  per  Day. 

Gallons 

PER  Day. 

^ear. 

Felton's  Estimate. 

Present  Estimate. 

Felton's  Estimate. 

Present  Estimate. 

(1901.) 

(1915.) 

(1901.) 

(1915.) 

1915 

39 

43 

3  042  000 

3  201  000 

1920 

41 

48 

3  788  400 

3  890  000 

192.5 

43 

52 

4  635  400 

4  647  000 

1930 

45 

56 

5  625  000 

5  475  000 

1935 

(50 

6  364  000 

1940 

65 

7  348  000 

1945 

69 

8  392  000 

1950 

73 

9  489  000 

It  is  obvious  that  the  draft  from  Silver  Lake  will  exceed  the 
average  yield  of  the  drainage  area  by  1918,  just  as  estimated  by 
Mr.  Felton,  and  that  by  drawing  from  storage  the  lake  may  pos- 
sibly be  used  until  the  dates  given  in  the  following  table. 

Table   showing   Times  when    Estimated   W.\ter  Consumption   would 

Equal  the  Yield  of  Silver  Lake,  plus  the  Storage,  when  Drawn  to 

Various  Depths  below  High  Water. 

(Based  on  Average  Yield  of  Silver  Lake.) 


Year. 


Consumption. 
Gallons  per  Day. 


Depression  of  Water  Level. 
Feet. 


1919 

3  743  000 

1 

1922 

4  183  000 

5 

1925 

4  647  000 

10 

1927 

4  968  000 

15 

1928 

5  137  000 

20 

334 


PROPOSED   AUXILIARY    WATER    SUPPLY,    BROCKTON. 


In  the  light  of  the  above  evidence,  it  would  seem  wise  to  supple- 
ment Silver  Lake  not  later  than  1927,  in  order  to  meet  the  average 
consumption  —  perhaps  earlier  if  increased  draft  causes  the  quality 
to  deteriorate. 

Relation  of  Maximum  Consumption  to  Average  Consumption. 

While  Silver  Lake  alone  might  supply'  the  average  amount  of 
water  required  until  1927,  the  maxinmm  daih'  amount  must  be 
furnished  also.  During  the  past  year,  the  maximum  daily  con- 
sumption has  at  times  exceeded  6  000  000  gal.  daily,  or  more  than 
the  designed  capacity  of  the  pipe  line  from  Silver  Lake.  To  pump 
6  000  000  gal.  in  twenty-four  hours  through  the  present  24-in. 
pipe  line  means  pumping  against  a  friction  head  of  102  ft.  As  the 
pipe  gets  older,  the  friction  head  will  increase,  as  estimated  in  the 
following  table. 

Table  showing  Increase  in  Friction  Head  in  the  24-inch  Silver  Lake 
Pipe  Line,  Due  to  Age. 

(Based  on  Hazen  and  Williams  Hydraulic  Tables.) 


Year. 

Friction  Head  in  Feet  at  Pump- 
ing Rate  of  6  000  000 
Gal.  Daily. 

Volume  of  Water  which  may 
be  Pumped  Daily  without  in- 
creasing the  Present  Fric- 
tion Head  above  102  Ft. 

1904 

74.9 

6  805  000 

1910 

89.6 

6  355  000 

1915 

101.9 

6  000  000 

1920 

113.6 

5  660  000 

1925 

126.5 

5  340  000 

1930 

140.0 

5  055  000 

1935 

153.5 

4  800  000 

1940 

166.0 

4  575  000 

1945 

180.8 

4  390  000 

1950 

194.4 

4  235  000 

Not  only  has  the  -maximum  daily  consumption  reached  the  ca- 
pacity of  the  Silver  Lake  pipe  line,  but  during  the  summer  of  1914 
there  were  times  during  certain  days  when  the  district  was  using 
water  faster  than  it  was  pumped  from  Silver  Lake.  This  was  pos- 
sible by  drawing  from  the  two  concrete  distributing  reservoirs  in 
Avon.     These  have  a  capacity  of  only  8  000  000  gal.,  and  should 
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the  period  of  maximum  consumption  be  greatly  prolonged,  or  a 
severe  fire  occur  during  this  period,  a  shortage  of  Silver  Lake  water 
would  be  liable  to  occur.  The  possibility  of  this  shortage  was 
foreseen  by  Mr.  Felton  in  1901,  and  he  believed  that  when  it  oc- 
curred the  present  Salisbury  Brook  Reservoir  would  serve  as  an 
auxiliary,  although  he  states  that  "  it  is  a  grave  question  whether 
public  opinion  would  sanction  the  use  of  a  poorer  water,  still  it 
seems  only  fair  that  those  sources  should  be  considered  as  an 
auxiliary  to  Silver  Lake.  ...  At  this  time,  if  it  were  deemed 
advisable,  it  might  be  used  in  connection  with  filtration." 

Quality  of  Salisbury  Brook  Reservoir  Water. 

During  the  past  few  years,  when  attempts  have  been  made  to 
use  water  from  the  Salisburj-  Brook  Reservoir  as  an  auxiliary 
source  of  supply,  serious  complaints  have  arisen  on  account  of  the 
color  of  the  water,  which  averages  0.52,  while  the  color  of  the  Silver 
Lake  water  is  only  0.09.  This  means  that  on  many  streets,  par- 
ticularly in  the  northern  part  of  Brockton,  the  Water  in  a  certain 
house  might  be  alternately  high  and  low  colored,  —  that  is,  al- 
ternately disagreeable  and  agreeable. 

The  color  of  the  water  has  varied  since  1887,  as  shown  l)y  the 
analyses  of  the  Massachusetts  State  Board  of  Health,  which  are 
tabulated  on  the  following  page. 

When  the  reservoir  was  constructed,  neither  the  vegetation  nor 
the  soil  were  removed  by  stripping,  and  during  the  first  years  the 
color  of  the  water  was  very  much  higher  than  sul^sequently,  the 
average  color  for  the  first  five-year  period  Ijeing  0.78,  for  the  last 
five-year  period  0.51.  In  1889  the  color  of  the  water  reached  1.30, 
but  during  the  last  five  years  the  maxinmm  was  0.84,  and  during 
the  same  period  the  mininmm  color  was  0.23,  as  low  as  it  has  ever 
been.     Generally  speaking,  the  water  has  improved  with  time. 

As  recommended  by  Mr.  Felton  in  1901,  the  Salisbuiy  Brook 
Reservoir  has  been  maintained  as  a  possible  future  auxiliary  source. 
The  reservoir  has  been  kept  in  good  condition,  and  careful  super- 
vision has  protected  the  water  against  pollution.  It  is,  therefore, 
safe  to  use,  but  it  is  absolutely  necessary,  in  order  to  make  this 
supply  available  as  an  auxiliary,  that  it  be  decolorized.  Were  its 
disagreeable  characteristics  removed  by  j^urification.  it  would  be 
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Color  of  Water  from  Salisbury  Brook  Reservoir. 
1887-1914. 


CoLOB  OP  Water. 

Year. 

Annual  Average. 

Maximum. 

Minimum. 

1887 

.98 

1.2 

.8 

1888 

.76 

1.1 

.45 

1889 

.78 

1.3 

.4 

1890 

.75 

1.0 

.45 

1891 

.62 

.90 

.40 

1892 

.55 

.80 

.30 

1893 

.67 

.90 

.60 

1894 

.81 

.95 

.68 

1895 

.80 

1.10 

.52 

1896 

.64 

1.00 

.40 

1897 

.85 

1.03 

.60 

1898 

.73 

.98 

.50 

1899 

.48 

.77 

.32 

1900 

.57 

.75 

.36 

1901 

.62 

.96 

.46 

1902 

.49 

.65 

.27 

1903 

.51 

.63 

.33 

1904 

.55 

1905 

.50 

.71 

.   .37 

1906 

.54 

.70 

.37 

1907 

.51 

.66 

.36 

1908 

.46 

.75 

.23 

1909 

.54 

.70 

.34 

1910 

.49 

.76 

.25 

1911 

.41 

.60 

.23 

1912 

.64 

.84 

.35 

1913r 

.51 

.75 

.30 

1914 

.51 

.65 

.25 

practically  as  agreeable  a  supply  as  Silver  Lake,  besides  being  an 
available  auxiliary  to  supply  the  city  during  conflagrations,  or 
during  other  periods  of  abnormal  consumption,  or  should  a  break 
in  the  Silver  Lake  pipe  line  occur.  It  would  postpone  the  time 
when  it  would  be  necessary  to  add  to  the  Silver  Lake  supply. 


Yield  of  Salisbury  Reservoir. 

The  old  reservoir  in  Avon  has  an  area  of  approximately  92  acres 
with  the  flashboards  in  place  on  the  dam,  and  the  catchment  area 
supplying  the  reservoir  is  3.11  square  miles.  The  average  total 
yield  of  the  Salisbury  Brook  source  is  3  110  000  gal.  daily,  or  about 
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92  per  cent,  of  that  of  the  Silver  Lake  catchment  area,  but  the 
storage  in  the  reservoir  is  only  309  291  000  gal.  at  high-water  mark, 
as  compared  with  5  371  361  000  gal.  in  Silver  Lake.  Because  of 
the  smaller  storage,  this  supply  cannot  be  depended  upon  to  fur- 
nish more  than  1  500  000  gal.  daily  in  a  dry  year. 

The  value  to  Brockton  of  the  old  reservoir  as  an  auxiliary  is  far 
bej'ond,  what  it  will  yield  safely  in  a  dry  year.  Much  larger  vol- 
-umes  than  1  500  000  gal.  daily  may  be  drawn  from  this  reservoir  in 
an  emergency.  If  this  source  were  used,  it  would  seem  best  to 
provide  a  purification  plant  having  a  capacity  ecjual  to  the  capacity 
of  the  present  pump,  —  namely,  5  000  000  gal.  daily.  The  old 
reservoir,  when  full,  would  furnish  5  000  000  gal.  daily  for  a  period 
of  thirty-eight  days  beginning  in  the  driest  month  of  the  driest 
year,  or  one  hundred  nine  days  on  the  average,  and  this  without 
drawing  down  the  reservoir  more  than  eight  feet. 

The  Salisbury  Brook  Reservoir  has  other  practical  advantages 
as  an  auxiliary,  in  that  it  is  155  ft.  higher  than  Silver  Lake  and 
eleven  miles  nearer  City  Hall. 

The  relative  elevations  of  the  various  parts  of  the  works  and  the 
proposed  filters  are  shown  on  Fig.  IL 

Best  Method  of  Color  Removal. 

The  usual  method  of  color  removal  is  to  treat  the  water  with 
sulphate  of  alumina,  which  immediately  reacts  with  the  water  and, 
after  storage  for  from  one  to  three  hours,  forms  a  precipitate  with 
which  a  large  part  of  the  color  combines.  The  degree  of  color  re- 
moval is  controlled  by  varying  the  dosage  of  applied  chemical. 
The  alumina  added  with  the  chemical  is  completely  removed  by 
subsequent  filtration,  either  through  slow  or  rapid  sand  filters; 
the  sulphate  added  displaces  an  equivalent  amount  of  carbonate 
with  the  formation  of  carbon  dioxide,  a  harmless  gas  which  remains 
in  the  water. 

Slow  filters  in  this  case  could  be  operated  at  the  rate  of  6  000  000 
gal.  per  acre  per  day,  and  to  decolorize  5  000  000  gal.  would  require 
one  acre  of  filter  surface.  In  addition,  there  would  have  to  be  a 
large  coagulating  basin  in  order  to  remove  by  precipitation  the 
major  part  of  the  precipitated  sulphate  of  alumina  and  color,  which 
otherwise  would  clog  the  slow  filter  too  rapidly.     The  modified 
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slow  filter  plant  as  just  outlined  would  cost  over  $135  000,  exclu- 
sive of  the  additional  land  which  would  be  required. 

The  treated  water  could  be  filtered  through  rapid  filters  at  a 
rate  of  125  000  000  gal.  per  acre  per  day,  after  passing  through  a 
coagulating  basin  holding  the  equivalent  of  two  or  three  hours' 
flow.  Less  chemical  would  be  required  than  with  slow  filters. 
This  plant  could  be  located  for  the  most  part  on  the  existing  pump- 
ing station  lot,  as  shown  by  the  sketches  accompanying  this  report. 

Considerations  which    Govern    the    Choice  of    Method. 

The  slow  filter,  without  chemicals,  is  best  adapted  to  the  puri- 
fication of  slightly  turbid  and  slightly  colored  waters  which  are  sub- 
ject to  sewage  pollution.  A  slow  filter  is  easier  to  operate  than  a 
rapid  filter.  On  the  other  hand,  slow  filters  are  not  suited  to  the 
decolorization  of  water  or  the  purification  of  waters  containing 
large  amounts  of  suspended  matter,  unless  the  water  be  first  treated 
with  chemicals,  followed  by  subsidence.  Slow  filters  to  treat 
colored  waters  were  installed  at  Philadelphia  (Torresdale) ,  Albany, 
and  Springfield,  and  in  the  beginning  operated  without  the  aid  of 
chemicals,  but  it  has  since  been  found  necessary  in  these  cities  to 
pre-treat  the  raw  water  with  chemicals  in  order  to  obtain  satisfac- 
tory results. 

Rapid  filters  are  best  adapted  to  the  purification  of  waters  con- 
taining a  color  of  more  than  0.20  or  a  turbidity  of  more  than  three 
parts  per  100  000.  On  the  other  hand,  they  must  be  operated 
carefully  in  order  to  secure  the  best  results.  One  of  the  difficul- 
ties in  operation  is  to  properly  dose  a  water  which  changes  its 
character  rapidly,  making  necessary  rapid  changes  in  the  dose  of 
chemicals.  Waters  which  are  drawn  from  reservoirs,  however, 
are  not  apt  to  change  rapidly  in  character. 

Inadequacy  of  Purification  without  the  Addition  of 
Chemicals. 

The  use  of  a  slow  filter  without  coagulants,  even  at  a  rate  as  slow 
as  3  000  000  gal.  per  acre  per  day,  would  effect  the  removal  of  only 
about  40  per  cent,  of  the  coloring  matter.  That  is,  the  present 
average  color  of  the  Salisbury  Brook  Reservoir  water,  0.52,  would 
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be  reduced  to  an  average  of  0.31,  or  about  three  times  that  of  Silver 
Lake.  At  times  of  high  color  the  filtered  water  color  would  exceed 
0.50.  It  would  be  folly  to  go  to  the  greater  expense  of  slow  filters 
($100  000  as  compared  with  $70  000)  and  then  produce  a  filtered 
water  three  times  as  highly  colored  as  Silver  Lake.  It  would  mean 
that  on  certain  streets  the  water  would  vary  in  color  from  hour  to 


Table  showing  Amounts  of  Color  Removed  by  Different  Methods  of 
Water  Purification. 

By  Slow  Filters,  without  Preliminary  Treatment. 


Year. 

Color. 

City. 

Raw  Water. 

Filtered  Water. 

Authority. 

An. 
Av. 

Min. 

An. 
Av. 

Max. 

Min. 

Lawrence,  Mass. .  .  . 

Athol,  Mass 

Providence,  R.  I..  .  . 

Pittsburg,  Pa 

Hudson,  N.Y 

Poughkeepsie,  N.  Y. 
Yonkers,  N.Y 

1913 

1913-14 

1912 

1912 

1910-11 

1911 

1911 

.33 

.84 

.49 

.047 

.17 

.31 

.12 

2.20 
.67 
.07 
.30 
.40 
.15 

.30 
.35 
.03 
.10 
.25 
.10 

.18 

..50 
.29 
.03 
.08 
.24 
.05 

1.15 
.42 
.05 
.15 
.30 
.10 

.18 

.20 

.02 
Trace 

.20 
Trace 

M.  S.B.ofH. 
J.  L.  Tighe 
R.  I.S.  B.  of  H. 
An.  rep..  City  P. 
N.Y.  S.B.ofH. 
N.Y.  S.B.ofH. 
N.Y.  S.B.ofH. 

By  Slow  Filters,  with  Preliminary  Treatment. 


So.  Norwalk,  Conn. 
Torresdale,       Phila- 
delphia, Pa 


1909 
1914 


.29 
.15 


.19 
.12 


.15 
.12 


.05    C.  S.  B.  of  H. 
.08    F.  D.  West 


By  Rapid  Filters,  with  Chemical  Treatment. 


Elmira,  N.  Y 

Cohoes,  N.Y 

Rensselaer,  N.  Y.. .  . 
Binghamton,  N.  Y.. 
Little  Falls,  N.  J.... 
Minneapolis,  Minn. . 
Wilkinsburg,  Pa. .  .  . 

Exeter,  N.  H 

Biddeford,  Me 

Arlington  Mills, 

Lawrence,  Mass.. 
E.  Greenwich,  R.  I. . 
E.  Providence,  R.  L 


1913 

.15 

.30 

.08 

.01 

.05 

Trace 

1913 

.22 

.33 

.12 

.08 

.12 

Trace 

1913 

.26 

.40 

.15 

.02 

.05 

Trace 

1911 

.11 

.15 

Trace 

.03 

.10 

Trace 

1912 

.46 

.92 

.08 

.22 

1914 

.49 

.18 

1914 

.28 

.00 

1913 

.30 

.85 

.10 

.06 

.25 

.02 

1915 

.11 

.33 

.02 

.04 

.20 

.00 

1915 

1.31 

1.75 

.80 

.16 

.20 

.10 

1912 

.43 

.78 

.18 

.04 

.10 

.02 

1912 

.60 

1.50 

.30 

.06 

.13 

.02 

N.Y.  S.B.ofH. 
N.Y.  S.B.ofH. 
N.Y.  S.B.ofH. 
N.Y.  S.B.ofH. 
F.  W.  Greene 
Plant  record] 
J.  M.  Caird 
R.  S.  W. 
R.  S.  W. 

R.  S.  W. 

I.  S.  B.  of  H. 
I.S.  B.  of  H. 
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hour  and  from  day  to  day,  as  the  supply  would  be  drawn  from  Sil- 
ver Lake  or  the  Salisbury  Brook  Reservoir.  This  would  not  suit 
the  consumers.  By  the  use  of  chemicals,  however,  the  color  can 
be  reduced  to  less  than  0.10,  less  than  the  color  of  Silver  Lake 
water. 

In  confirmation  of  this  opinion,  the  writer  would  offer  the  preced- 
ing table,  showing  the  average,  maximum,  and  minimum  colors  of 
the  raw  and  filtered  water  supplied  to  several  cities.  This  table 
shows  that  single  slow  filters  without  chemical  treatment  remove 
on  the  average  40  per  cent,  of  the  color,  that  double  filtration 
without  coagulating  chemicals  removes  57  per  cent.,  whereas  82 
per  cent,  of  the  color  is  removed  by  rapid  filters  with  chemical 
treatment. 

Single,  slow  filters  which  remove  the  larger  percentages  of  color 
without  chemicals  usually  operate  with  river  waters  or  those  hav- 
ing the  coloring  matter  in  a  semi-suspended  state.  With  the  com- 
paratively clear  reservoir  or  settled  waters  they  are  least  efficient. 

Effect  of  Chemical  Treatment  on  Hardness. 

Salisbury  Reservoir  water  would  require  the  addition  of  about 
thirty  parts  of  sulphate  of  alumina  per  million  in  order  to  decolorize 
it.  To  absolutely  prevent  any  increase  in  the  hardness,  and  to 
make  sure  that  no  undecomposed  chemical  passes  the  filter,  there 
must  be  present  in  the  water  alkali  enough  to  completely  precipi- 
tate the  chemical.  The  natural  alkalinity  of  the  water  is  hardly 
sufficient,  and  therefore  it  will  be  necessary  to  add  to  the  water 
about  eight  parts  of  alkah,  in  the  form  of  soda,  per  million,  before 
the  addition  of  the  sulphate  of  alumina.  At  Exeter,  N.  H.,  no 
alkali  is  added,  yet  the  hardness  increases  very  slightly  (from  2.73 
to  3.03  parts  per  100  000).  This  slight  increase  in  hardness  may 
be  avoided  by  the  addition  of  alkali. 

Best  Filter  for  Brockton. 

The  writer  holds  no  brief  for  one  filter  or  the  other,  but,  to  de- 
colorize the  Salisbury  Brook  water,  chemicals  must  be  used,  and 
chemicals  can  be  used  most  economically  and  efficiently  with  a 
rapid  filter,  properly  designed,  constructed,  and  operated. 
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Distributing  Reservoirs. 

Distributing  reservoirs  are  necessary  for  meeting  emergencies, 
and,  if  large  enough,  maj^  be  used  to  overcome  the  discrepancies 
between  average  and  maximum  consumptions.  The  two  Avon 
reservoirs  will  hold  one  day's  maximum  supply  until  the  average 
consumption  reaches  4  000  000  gal.  daily.  It  is  necessary  that 
one  day's. supply  be  available  at  all  times  for  emergencies,  but  to 
insure  this  the  source  must  be  able  to  supply  water  faster  than  it 
is  used  on  days  of  largest  consumption.  If,  for  example,  the  maxi- 
mum consumption  exceeds  the  capacity  of  the  pipe  line  for  several 
daj^s  in  succession,  as  it  has  and  will,  the  reserve  in  the  reservoirs 
will  be  gradually  destroyed  and  the  emergency  which  they  are 
designed  to  meet  (such  as  a  break  in  the  Silver  Lake  pipe  line  or  a 
bad  fire)  may  occur  when  they  are  drawn  down  too  far  to  be  of 
service. 

The  maximum  consumption,  also,  might  be  met  by  the  con- 
struction of  reservoirs.  Unfortunately  no  good  natural  sites  for 
the  construction  of  a  large  distributing  reservoir  at  a  sufficient 
elevation  exist  near  Brockton.  Consequently  artificial  reservoirs 
would  have  to  be  used.  The  two  excellent  concrete  reservoirs 
which  the  city  now  owns  are  as  economical  as  could  be  built,  and 
cost  SIO  000  per  million  gallons  capacity.  Consequently  the  cost 
of  storage  to  furnish  a  supply  of  5  000  000  gal.  daily  for  varying 
times  would  be  the  amounts  shown  in  the  following  table. 


Cost  of  Reservoirs   for   Furnishing    5  000  000    Gallons   Daily    for 
Various   Periods. 


Time. 

Capacity.   Gallons. 

Cost. 

1  day 

2  days 
5  days 

5  000  000 
10  000  000 
25  000  000 

$50  000 
100  000 
250  000 

Reservoirs  costing  the  same  as  an  additional  24-in.  main  ($345- 
000)  would  store  only  seven  days'  supply,  and  those  costing  as  little 
as  a  purification  plant  ($70  000)  would  store  only  one  and  one- 
half  day's  supply. 
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New  distributing  reservoirs  of  4  000  000  gal.  capacity  ought  to 
be  added  to  the  supply  from  time  to  time,  to  store  the  necessary 
one  day's  consumption  at  the  maximum  rate.  If  a  new  pipe  line 
be  installed,  no  new  reservoir  need  be  built  until  1921.  If  the  pipe 
line  be  postponed  and  Salisburj'  Brook  water  be  purified,  so  that 
both  sources  of  supply  may  be  used  when  necessary,  the  construc- 
tion of  more  distributing  reservoirs  may  be  postponed  until  a  new 
pipe  line  larger  than  24  in.  in  diameter  is  required. 

Because  of  their  verj^  high  unit  cost,  and  because  either  of  the 
other  methods  suggested  meets  the  deficiencies  of  supply  more 
liberally  and  efficientl}^  for  the  same  expenditure,  and  because  the 
present  reservoirs  store  enough  water  to  meet  the  emergencies  for 
which  they  were  built,  the  construction  of  new  reservoirs  would  be 
neither  timely  nor  expedient. 

Pipe  Line  v.  Purification,  Plant. 

A  new  pipe  line  to  Silver  Lake  would  give  the  necessary  relief  to 
the  city  until  at  least  1927,  when  the  Silver  Lake  source  should 
be  supplemented  in  order  to  avoid  drawing  below  16  ft.  The 
best  way  of  doing  this  may  be  determined  at  that  time.  The 
present  evidence  is  in  favor  of  diverting  the  flow  of  Howard  and 
Pine  brooks,  which  would  add  3  390  000  gal.  daily  to  the  quantity 
which  might  be  drawn  from  Silver  Lake.  Further  additions 
might  be  made  from  other  ponds  and  streams  in  the  vicinity  of 
Silver  Lake,  as  reported  previously  (Snow  and  Kingman,  Report, 
1897). 

However,  the  present  pipe  line  has  a  capacity  of  6  000  000  gal. 
when  the  pumps  are  working  against  a  friction  head  of  102  ft., 
while  Silver  Lake  has  an  average  yield  of  3  500  000  gal.  The  ca- 
pacity of  the  pipe  line  is,  therefore,  greatly  in  excess  of  the  average 
yield  of  the  lake.  It  therefore  seems  unwise,  apart  from  financial 
considerations,  to  lay  a  new  pipe  line  simply  to  serve  as  an  auxiliary 
when  the  present  main  can  deliver  more  than  the  average  yield  of 
the  lake.  If  the  line  were  laid,  the  pipe  capacit}'  would  be  more 
than  doubled  for  the  present,  decreasing  as  the  lines  aged.  The 
two^mains  would  supply  the  city  until  1931,  when  a  third  main, 
30  in.  in  diameter,  would  be  required.  It  would  seem  better, 
therefore,  to  postpone  the  construction  of  a  24-in.  pipe  line  until 
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Silver  Lake  has  to  be  added  to,  when  a  larger  pipe  line  (36-in.)       * 
should  be  laid,  taking  the  place  of  the  two  smaller  mains  which  the 
other  plan  would  demand,  and  effecting  a  great  saving  in  cost. 
Meanwhile,  the  deficiencies  should  be  made  up  with  purified  Salis- 
bury Brook  Reservoir  water. 

It  is  obvious  that  if  the  construction  of  the  inevitable  additional 
pipe  line  be  postponed,  say  until  1931,  it  would  be  practicable  to 
lay  a  pipe  as  large  as  3G  in.  in  diameter,  which,  with  the  present 
24-in.  line  and  the  Salisbury  Brook  filters,  would  supply  the  Brock- 
ton District  to  the  probable  capacity  of  both  sources,  increased  by 
probable  additions  to  Silver  Lake.  By  adding  other  sources  to 
Silver  Lake,  a  new  24-in.  pipe  line  would  serve  as  an  auxiliary  until 
1931.  So  would  the  old  source  if  some  of  the  "  large  amount  of 
water  now  going  to  waste  in  the  winter  and  spring  "  be  used  in 
addition  to  the  dry  weather  yield  of  the  reservoir,  as  recommended 
by  Mr.  Felton,  to  reinforce  the  Silver  Lake  supply,  as  shown  on 
Fig.  VIL 

The  future  supply  would  be  much  more  flexible  if  taken  from 
two  sources  than  from  one  alone.  With  the  old  supply  available 
as  an  auxiliary,  a  break  could  occur  in  the  Silver  Lake  line  and  the 
various  quantities  of  water  could  be  supplied  from  the  old  source 
for  the  times  given  in  the  following  table. 

Quantities  of  Purified  Water  which  could  be  Supplied  from  Salisbury 

Brook  Reservoir  and  Present  Distributing  Reservoirs,  should  an 

Accident  happen  to  the  Silver  Lake  Pumps  or  Pipe  Line. 


Gallons  per  Day. 

Number  of  Days. 

5  000  000 

Not  less  than  38 

6  000  000 

8 

7  000  000 

4 

8  000  000 

2.7 

9  000  000 

2.0 

10  000  000 

1.6 

11000  000 

1.3 

12  000  000 

1.1 

13  000  000 

1.0 

The  quantities  in  the  above  table  would  be  ample  until  an  addi- 
tional pipe  line  to  Silver  Lake  would  be  needed.     Another  advan- 
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tage  of  the  Purification  Plan  is  that  Silver  Lake  would  last  at  least 
four  j'-ears  longer  and  without  using  more  than  the  dry  weather 
yield  of  the  old  source. 

Experience  has  shown  that  the  hygienically  safe  Salisbury  Brook 
water  can  be  made  attractive;  furthermore,  it  is  a  convenient 
auxiliary  and  is  also  more  economical  than  a  new  24-in.  pipe  line. 

A  comparison  of  the  two  programs  is  given  in  the  following 
table.  In  this  table,  it  is  assumed  that  Silver  Lake  may  be  drafted 
16  ft.  without  injuring  the  quality  of  the  water.  Should  this 
assumption  prove  incorrect,  additions  to  Silver  Lake  would  have 
to  be  made  earlier  than  the  dates  given. 


Comparison  of  Programs  Necessitated  by  Two  Methods  of  Auxiliary 

Supply,  assuming  Silver  Lake  to  be  drawn  down  16  Feet  and  only 

THE  Dry  Weather  Flow  of  Salisbury  Brook  Reservoir  Utilized. 


Year. 

24-In.  Pipe  Line  Plan. 

Purification  Plan. 

1916 

24-in.  pipe  line,  $345  000. 

Purification  plant,  $70,000. 

1917 

1918 

1919 

• 

1920 

1921 

New  reservoir. 

1922 

1923 

1924 

1925 

1926 

1927 

Additions  to  Silver  T^ake. 

1928 

1929 

1930 

30-in.  pipe  line  and  pump. 

36-in.  pipe  line  and  pump. 

1931 

Additions  to  Silver  Lake. 

1932 

1933 

1934 

1935 

1936 

New  reservoir. 

Financial  Considerations. 

The  first  cost  of  a  new  24-in.  pipe  line  is  estimated  at  $345  000; 
of  a  purification  plant  having  a  capacity  of  5  000  000  gal.  daily,  at 
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$70  000.     The  interest  and  sinking  fund  charges  during  the  Hfe  of 
the  bonds,  and  beginning  1917,  may  be  esthnated  as  follows: 


24-1  n.  Pipe  Line. 


Purification 
Plant. 


Interest,  4  per  cent 

Sinking  fund  paymcnt.s,  basis  3.75  per  cent. 

Total  annual  fixed  charges 


$13  800 
6  180 

$19  980 


$2  800 
1  254 

$4  054 


These  estimates,  capitalized  at  4  per  cent,  interest  for  eleven 
years,  —  the  end  of  the  period  during  which  it  is  estimated  that 
Silver  Lake  will  furnish  enough  water  to  supply  the  average  con- 
sumption of  the  district,  —  will  amount  in  1927  to  the   following: 

Accumulated  Value  of  Fixed  Charges,  1927. 


24-In.  Pipe  Line. 


Purification 
Plant. 


Value  of  fixed  charges 

Less  value  of  purification  plant 

Difference  in  favor  of  purification  plant 


$280  234 
56  860 

$223  374 


$56  860 


Cost  of  Water. 

The  cost  of  pumping  water  from  Silver  Lake  may  be  compared 
with  the  cost  of  purifying  and  pumping  the  Salisbury  Reservoir 
water,  as  follows: 

Cost  of  pumping  from  Silver  Lake,  based  on  1912,  1913,  and  1914 

records $13.09  per  million  gal. 

Cost  of  operation  of  purification  plant  and  old  puiajMng  station: 

Coal $1  9.50.00 

Wages 2  000.00 

Oil  and  waste 100.00 

Repairs  and  miscellaneous ;i00.00 

Per  annum $4  350.00 
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Per  1  000  000  gal $7.96 

Chemicals  per  1  000  000  gal 5.01 

Wash  water  at  $9.00  per  1  000  000  gal .36 

Superintendence .55 

Light  and  heat .20 

Repairs .25 

Total  per  1  000  000  gal $14.33 

Additional  cost  of  Salisbury  Brook  Reservoir  supply,  purified  and 

pumped $1.24  per  mil.  gal. 

Additional  annual  cost  of  purifying  1  500  000  gal.  daily $678.90 

In  eleven  years,  the  extra  cost    capitalized  at  4  per  cent,  would 

be  equivalent  to $9  525.00 

Summary  of  Cost. 

Cost  of  pipe  line,  1927 $280  234.00 

Cost  of  filters  to  1927 $56  860.00 

Cost  of  filter  operation  and  pumping   at   Brockton, 

to  1927,  additional 9  525.00 

Total  cost  of  filters  and  operation,  to  1927 66  385.00 

Saving  over  pipe  line  by  1927 $213  849.00 

Location  and  Design  of  Purification  Plant. 

Figs.  IV  and  III  illustrate  the  proposed  filtration  plant  for  the 
Salisbury  Brook  Reservoir,  which  would  be  located  on  the  old 
pumping  station  lot  along  the  pipe  line  leading  from  the  Salisbury 
Brook  Reservoir. 

The  plant  would  consist  of  a  coagulating  basin  having  a  capacity 
of  500  000  gal.;  five  filter  units  each  having  a  capacity  of  1  000  000 
gal.  daily,  which  would  be  arranged  on  both  sides  of  a  gallery 
which  would  contain  the  necessary  filter  piping  and  appurtenances; 
an  elevated  tank  for  the  storage  of  wash  water;  a  house  to  cover 
the  operating  room  of  the  filters  and  to  house  the  devices  for  ap- 
plying chemicals  to  the  unfiltered  water,  and  a  filtered  water  basin 
having  a  capacity  of  500  000  gal.,  from  which  the  present  pumps 
would  discharge  the  filtered  water  into  the  mains. 

As  the  water  came  from  the  reservoir,  it  would  receive  a  dose  of 
chemicals;  the  treated  water,  after  storage  in  the  coagulating 
basin,  would  pass  through  the  filters  into  the  filtered  water  basin; 


Fig.  IV 


Brockton  Water  Works 
Brockton,  Ma55. 

Proposed  riLTRATiON  Plant 

FOR   AVOM    RE5FRV01R 

General   Location 


Scale: 
600' 


October,  ,l9i5 


Robert  5purr  Weston. 

Consoltinq    Sanitary   fngmeer 
14  Beacon  St,  Boston. Mjss. 


Fig.  III. 
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Coal 
5he:d 


Pumping 
Station 


PLArj 


Sectional  Elevation  on  A-A 


Brockton  Water  Works, 

DF50CKT0N,MA5S. 

Proposed  Filtration  Plant 
FOR  Avon  Reservoir 

October      ,1915  Scale:  F?obert  Spurr  Weston, 

|%4Q'  Consulting   Saniiary  Engineer, 

U  Beacon  5t,  Boston.nass. 
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a  small  pump  would  lift  about  four  per  cent,  of  the  filtered  water 
into  the  wash  water  tank,  from  which  the  filters  would  be  washed; 
the  waste  water  containing  the  material  washed  from  the  filters 
would  discharge  into  the  drain. 

No  new  or  untried  devices  are  contemplated  in  the  design,  but 
only  what  experience  in  other  places  has  proved  to  be  successful. 

Practical  Results. 

As  an  example  of  what  might  be  reasonably  expected  as  a  result, 
there  is  appended  to  this  report  a  table  showing  the  results  ob- 
tained at  Exeter,  N.  H.  (during  1914),  by  a  plant  constructed  by 
the  writer  in  1906,  and  consequently  ten  years  old.     This  plant 

Average  Results  of  Analyses  of  Salisbury  Brook  Reservoir  Water, 
1910-1914,  inclusive;  also  op  Exeter,  N.  H.,  Reservoir  Water,  be- 
fore AND  after  Purification,  for  Year  1914. 
(Parts  per  100  000.) 


Source. 


Salisbury  Exeter 

Brook  Water  Works 

Reservoir.  Reservoir. 


Exeter 
Filtered 
Water. 


ooo^lcold::::.:;::;:::::::::::: 

Turbidity 

Color 

Oxygen  consumed 

Nitrogen  as  free  ammonia 

Nitrogen  as  albuminoid  ammonia .  .  . 

Nitrogen  as  nitrite.s 

Nitrogen  as  nitrates 

Chlorine 

Alkalinity 

Hardness . 

Iron 

Total  residue  on  evaporation 

Bacteria  per  c.c.  at  20  degrees  C.  .  . 
Bacteria  per  c.c.  at  37.5  degrees  C.  . 
Bacillus  coli  in  10  c.c 

Presumptive  test  for  B.  coli  in  10  c.c. 
Authority 


Ft.  veg. 

Dec.  veg. 

V.  slight 
0.52 
.71 
.0032 
.0256 
.0000 
.0009 
.47 

LIO" 
.038 
4.54 


3.3-veg. 

1.3-veg. 

1.5 

0.56 

0.653 

0.007S 

0.0307 

0.0000 

0.0054 

0.547 

1.67 

2.73 

0.049 

7.56 
293. 
139. 
None 
/  37% 
(Positive 


2.1-veg. 

0.1-veg. 

0.19 

0.07* 

0.278 

0.0099 

0.0140 

0.0001 

O.OOIU) 

0.572 

0.95 

3.03 

0.013 

7.26 


None 
Negative 


Ma.ss.  St. 
Bd.  of  H. 


R.  S.  W. 


R.  S.  W. 


*  Experiments  by  Mr.  Boiling  show  that  the    color    of    the    Salisbury    Brook   Reservoir 
water  maj'  be  reduced  to  0.04. 
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treats  a  very  bad  water  from  a  shallow  reservoir.  The  conditions 
are  worse  than  at  Brockton,  yet  the  color  of  the  filtered  water  is 
reduced  below  that  of  Silver  Lake. 

Summary  and  Conclusions. 

The  present  water  supply  from  Silver  Lake  is  excellent  in  quality. 
It  is  delivered  through  a  pipe  line  1L6  miles  long,  against  a  head  of 
340  ft.  The  present  capacity  of  this  pipe  line  is  6  000  000  gal., 
and  is  exceeded  at  times  of  maximum  consumption.  Either  more 
distributing  reservoirs  or  a  new  pipe  line  must  be  constructed,  or 
the  old  Salisbury  Reservoir  must  be  used  as  an  auxiliary. 

The  continuous  average  yield  of  Silver  Lake  is  3  500  000  gal. 
daily.  The  present  population  of  Brockton,  according  to  the 
state  census,  is  61  944;  and  the  average  daily  consumption  of 
water  is  about  3  201  000  gal.  As  reported  by  other  engineers,  the 
average  consumption  will  exceed  the  average  yield  of  Silver  Lake 
by  1918,  but  by  drawing  down  the  lake  16  ft.,  thereby  reducing 
the  storage  one  half,  the  supply  will  meet  the  average  consumption 
until  1927. 

Because  the  present  excellent  quality  of  Silver  Lake  water  de- 
pends upon  its  long  storage,  the  lake  should  be  kept  as  full  as 
practicable. 

Distributing  reservoirs,  like  the  two  4  000  000  gal.  reservoirs  in 
Avon,  are  excellent  for  meeting  sudden  fluctuations  in  consump- 
tion. They  are  too  costly  for  furnishing  an  auxiliary  water 
supply  for  several  consecutive  days.  The  same  result  may  be 
accomplished  better  by  an  additional  pipe  line  or  by  using  the  old 
source. 

The  Salisbury  Brook  Reservoir  has  a  safe  yield  of  1  500  000  gal. 
daily,  which,  if  filtered  and  used,  would  postpone  adding  to  Silver 
Lake  for  four  years  beyond  the  time  when  the  consumption  would 
equal  the  safe  yield  of  the  lake,  viz.,  1931  instead  of  1927. 

Salisbury  Brook  Reservoir  water,  while  safe  to  drink,  is  unfit  for 
use  in  a  city  like  Brockton  unless  it  be  decolorized.  This  can  be 
accomplished  only  by  treatment  with  sulphate  of  alumina,  followed 
by  filtration.  The  color  of  the  water  could  be  reduced  below  that 
of  Silver  Lake,  as  proved  by  the  experience  of  many  cities  supplied 
with  decolorized  water.     Filtration  through  sand  without  the  addi- 
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tion  of  chemicals  would  reduce  the  average  color  from  0.52  to  0.31. 
The  water  would  contain  thrice  as  much  color  as  Silver  Lake  water, 
a  result  which  would  neither  satisfy  the  consumers  nor  warrant 
the  cost  of  filtration. 

A  new  24-in.  pipe  line  might  be  laid  from  Silver  Lake,  and  would 
serve  until  1930,  when  a  third  pipe  line,  30  in.  in  diameter,  would 
be  required.  The  present  pipe  line  can  deliver  6  000  000  gal.,  or 
more  than  the  safe  yield  of  Silver  Lake,  and  it  seems  illogical  to 
further  increase  the  pipe  lines  until  after  additions  have  to  be  made 
to  Silver  Lake,  when  one  new  main,  36  in.  in  diameter,  equal  to 
the  probable  capacity  of  the  source  with  future  additions,  might 
be  laid  far  more  economically. 

By  using  filtered  Salisbury  Reservoir  water  to  make  up  defi- 
ciencies until  additions  must  be  made  to  Silver  Lake,  the  lake  may 
be  kept  more  nearly  full;  the  construction  of  new  distributing 
reservoirs  may  be  avoided;  an  auxiliary  supply  of  5  000  000  gal. 
daily  for  at  least  a  month  would  be  available  at  all  times;  the 
construction  of  a  new  pipe  line  could  be  postponed  until  1927,  or 
longer,  if  some  of  the  water  now  going  to  waste  in  Avon  be  filtered 
and  utilized,  and  the  water  supplied  from  the  auxiliary  source 
would  equal  Silver  Lake  water  in  color  and  in  safeness. 

The  estimated  construction  cost  of  a  24-in.  pipe  line  is  $345  000; 
of  a  filter  $70  000.  The  average  cost  of  pumping  water  from 
Silver  Lake  is  $13.09  per  million  gallons;  the  cost  of  purifying 
1  500  000  gal.  daily  would  be  $14.33  per  million  gallons,  or  $1.24 
per  million  gallons  more.  These  differences,  capitalized  at  the 
rates  of  interest  prevailing  in  Brockton,  show  in  1927  a  difference  of 
$223  374  in  favor  of  the  purification  plan. 

The  writer  has  recommended  that  the  city  construct  a  filter 
plant  at  the  Brockton  Pumping  Station,  as  illustrated  by  the  ac- 
companying sketches,  at  a  cost  of  $70  000,  and  postpone  the  con- 
struction of  a  pipe  line  until  after  the  average  daily  consumption 
equals  the  average  yield  of  Silver  Lake  plus  the  1  500  000  gal. 
which  may  be  drawn  from  the  Salisbury  Brook  Rcservoii-.  The 
purification  plant  should  have  a  capacity  of  1  500  000  gal.  in  eight 
hours,  or  the  equivalent  of  the  dry-weather  yield  of  Salisbury 
Brook  Reservoir,  which  reservoir  should  be  kept  full  at  all  times, 
that  the  maximum  amount  of  water  may  be  held  in  reserve  con- 
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stantly.  It  is  also  desirable,  in  order  to  maintain  the  quality  of 
the  water,  that  Silver  Lake  be  kept  as  full  as  practicable.  This 
may  be  accomplished  by  adding  nearby  sources  in  the  future. 

If  the  plant  recommended  be  constructed,  enough  would  be 
saved  by  the  time  further  large  improvements  are  required  to  pay 
a  large  part  of  their  cost,  and  the  cost  of  the  purification  plant  as 
well. 

DISCUSSION. 

Mr.  George  A.  Johnson.*  Mr.  Weston's  paper  sets  forth 
certain  cardinal  reasons  why  colored  waters,  like  those  of  Salisbury 
Brook,  are  best  decolorized  by  the  use  of  chemicals  and  filtration 
through  rapid  sand  filters.  He  has  placed  proper  emphasis  on  the 
fact  that  while  long  storage  in  reservoirs  will  result  in  marked 
color  reduction,  water  thus  stored  becomes  an  easy  prey  to  the 
activities  of  micro-organisms,  which  impart  to  it  offensive  tastes 
and  odors.  Long  storage  is  almost  certain  to  be  accompanied  by 
stagnation  of  the  lower  strata,  and  if  these  layers  are  drawn  upon 
for  the  supply,  they  require  aeration  before  delivery  to  the  con- 
sumers. 

Mr.  Weston  also  emphasizes  the  greater  cost  attending  the  de- 
colorization  of  Salisbury  Brook  water  by  the  use  of  coagulants  and 
filtration  through  slow  sand  filters.  This  is  a  feature  which  has 
been  found  true  in  many  other  comparisons  of  like  character,  and 
is  due  chiefly  to  the  necessity  for  large  coagulating  and  sedimenta- 
tion facilities,  and  to  the  greater  cost  of  construction  of  slow  sand 
filters  of  the  same  daily  capacity  as  rapid  sand  filters. 

Filtration  for  the  Physical  Improvement  of  New  England 

Waters. 

As  a  rule,  the  waters  of  New  England  are  comparatively  free 
from  turbidity,  but  many  of  them  are  quite  deeply  colored  by 
vegetable  stain.  To  remove  these  physical  defects,  filtration  has 
been  resorted  to  in  many  places.  In  a  few  cities,  notably  Brook- 
line,  Lowell,  and  Reading,  Mass.,  iron  removal  is  an  important 
feature  in  the  purification  process. 

*  Consulting  Hydraulic  Engineer,  New  York. 
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Municipal  Water  Purification  Plants  in  New  England. 


Place. 


Kind  of 
Sand 
Filter. 


Year  Built. 


Rated 

Daily 

Capacitv, 

Million 

Gallons. 


Chemicals 
Used. 


Raw  Water. 
(Parts  per  Million.) 


Bangor,  Me. .  . 
Belfast,  Me. . . . 
Biddeford,  Me. 
Gardiner,  Me. . 
Dover,  N.  H.. . 


E.\eter,  N.  H 

Franklin,  N.  H 

Lebanon,  N.  H 

West  Lebanon,  N.  H. 
Somersworth,  N.  H.. 

Burlington,  Vt 

St.  Johnsbury,  Vt. .  . 

Athol,  Mass 

Brookline,  Mass 

Cheshire,  Mass 


Cohasset,  Mass. .  .  . 
Lawrence,  Mass.. .  . 

Lowell,  Mass 

Marblehead,  Mass. 


Middleboro,  Mass. .  . , 

Milford,  Mass 

Reading,  Mass 

Springfield,  Mass.. .  . 
W.  Springfield,  Mass. 

Bristol-Warren,  R.  I. 
E.  Greenwich,  R.  1. . 
E.  Providence,  R.  I. . 
Jamestown,  R.  I. .  .  . 
Newport,  R.  I 

Greenwich,  Conn. . .  . 
New  Haven,  Conn.  . 

Norwich,  Conn 

So.  Norwalk,  Conn. . 
Providence,  R.  L .  .  . 


Rapid 

Rapid 

Rapid 

Slow 

Slow 

Rapid 
Slow 
Rapid 
Rapid 

Slow 

Rapid 

Slow 

Rapid 

Slow 


Rapid 

Slow 
Slow 
Slow 

Slow 


Rapid 

Slow 

Slow 

Rapid 
Rapid 
Rapid 
Rapid 
Rapid 

Rapid 

Slow 

Rapid 

Slow 

Slow 


1912* 
1913* 
1911* 

'l90'9 

1906 

1907 

'1897 

1907 
1897 

I'gi'e 

1875 

1914 
1893 
1915 
1908 

1913 

1910 
1909 


1908 
1907 
1893 
1910 
1910 

1911* 

1905 

1911 

1908 

1905 


8.0 
1.13 
10.0 

'  1.2  " 

1.0 

'  1.0  ' 

1.5  " 


2.5 

1.5 

10.0 


0.5 

6.0 

10.0 

2.0 

1.0 

1.5 

15.0 

1.0 

8.0 
1.0 
3.0 
0.5 
3.0 

4.5 

12.0 

1.0 

3.0 

30.0 


a-b 
a-b 
a 


None 

a 

a 
a 
None 

a 

None 

a 

None 

None 

None 

None 
None 
None 

None 

a-b 

a 

None 

a-b-c 

a-c 

a-c 

a-c 

a-c 


None 

None 
None 


52 

102 

33 


50 
10 
12 
26 
65 

15 

35 

29 

1 

44 

25 

30 

5 

41 
20 
25 
36 
12 

50 
50 
50 
55 
40- 

38 
20 

15 
40 


12 

10 

4 


15 


45 


40 


30 

40 


10 


10 
7 

12 
9 

19 

15 
40 

i4 
9 


28 
17 
20 


30 
12 
16 
35 
12 

55 

11 

47 
22 

16 
15 

28 
10 

27 
29 
44 
14 
36 

27 

9 

24 

18 
29 

30 
45 

26 
13 


Notes:  a=alum;  b=lime;  c=soda. 
*  Newest  installations. 
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In  the  accompanying  table  is  given  a  fairly  complete  list  of  the 
municipal  water  filtration  plants  in  New  England.  In  addition 
to  this  list  there  are  quite  a  number  of  many  sizable  rapid  filter 
plants  for  the  purification  of  waters  for  industrial  use. 

These  data  show  that  where  color  removal  is  aimed  at,  a  coagu- 
lant, sulphate  of  aluminum,  is  almost  always  used.  Where  thor- 
oughly good  results  in  this  direction  are  sought,  it  is  the  usual 
practice  in  New  England,  as  elsewhere,  to  employ  rapid  sand 
filters,  as  distinguished  from  slow  sand  filters,  in  conjunction  with 
the  coagulating  treatment. 

Hygienic  Efficiency  of  Rapid  Sand  Filters. 

Aside  from  the  obvious  desirability  of  improving  the  appearance 
of  public  water  supplies,  by  the  removal  of  suspended  matters  and 
dissolved  color,  there  is  another  phase  of  water  purification  of  far 
greater,  importance.  This  refers  to  the  removal  from  water  of 
pathogenic  bacterial  life,  particularly  the  typhoid  fever  germ. 

The  public  in  general  senses  but  dimly  the  tremendous  toll  this 
country  pays  each  year  to  that  plague  of  filth,  typhoid  fever. 
Those  of  us  who  have  never  experienced  this  disease  really  think 
little  about  it,  but  the  facts  are  all  too  plain  that  each  year  two 
hundred  thousand  people  in  America  suffer  from  it,  and  twenty 
thousand  die  of  it.  In  the  course  of  a  decade,  therefore,  one  in 
every  fifty  inhabitants  of  this  country  contracts  the  disease. 

Professor  Sedgwick  describes  typhoid  fever  as  a  disease  of  de- 
fective civilization,  since  the  widespread  and  frequent  occurrence 
of  this  disease  is  due  to  defective  sanitation;  and  defective  sani- 
tation means  defective  civilization.  Unhappily,  this  is  all  too  true. 
Typhoid  fever  cannot  be  contracted  naturally  without  taking  into 
the  mouth  the  excrement  of  another  human  being,  and  this  is  done 
either  by  drinking  water  or  milk  which  has  been  fouled  by  human 
excreta,  by  eating  raw  vegetables  or  other  foods  which  have  been 
contaminated  in  a  similar  manner,  or  by  direct  hand-to-mouth 
infection.  The  result  of  such  practices,  followed  through  igno- 
rance of  the  possible  results,  or  complacent  tolerance  by  the  public 
of  unsanitary  modes  of  living,  is  a  heavy  death  toll  which  is  en- 
tirely preventable,  and  which  needlessly  dissipates  in  vital  capital 
S150  000  000  annually. 
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Twenty  millions  of  people  in  the  United  States  are  now  being 
furnished  with  filtered  water  at  a  cost  not  exceeding  S8  000  000,  or 
forty  cents  per  capita,  per  year,  and  in  the  cities  having  filtered 
water  supplies  the  water-borne  typhoid  has  been  practically  elimi- 
nated, as  reliable  statistics  abundantly  show.  Filtration  of  the 
water  supplies  of  the  remainder  of  the  urban  population  of  the 
United  States  would  cost  not  more  than  $11  500  000  per  year,  and 
reliable  statistics  show  that  to  do  so  would,  at  the  very  least,  save 
thirty  thousand  typhoid  cases  and  three  thousand  deaths  each 
year,  equivalent  to  vital  capital  in  the  total  sum  of  $22  500  000 
annually,  or  twice  the  money  cost  of  prevention. 

Reduction  in  Typhoid  Fever  Death-Rates  in  American  Cities  Follow- 
ing THE  Filtration  of  the  Public  Water  Supplies. 

(Averages  for  five  years  before  and  five  years  after  filtration.) 


City. 


Kind  of 
Filter. 


Average 

Typhoid 

Fever  Death-Rate 

per  100  000 

Coagulant 

Population. 

Used. 

Before 

After 

Filtra- 

Filtra- 

tion. 

tion. 

Yes 

109 

28 

Yes 

106 

62 

Yes 

56 

11 

Yes 

83 

17 

Yes 

72 

33 

Yes 

IS 

13 

Yes 

46 

28 

No 

110 

23 

Yes 

57 

24 

No 

40 

25 

Yes 

39 

26 

Yes 

29 

9 

Yes 

63 

20 

No 

132 

19 

No 

19 

13 

No 

53 

35 

Yes 

25 

10 

Yes 

22 

22 

Yes 

55 

31 

Yes 

35 

24 

Per  Cent.    Reduc- 
tion in  TiiTshoid 
Fever  Death-Rates 

which  Followed 

the     Filtration     of 

the  Public  Water 

Supply. 


Albany,  N.  Y 

Charleston,  S.  C. . 

Cincinnati,  O 

Columbus,  O 

Harrisburg,  Pa. . .  . 

Hoboken,  N.  J..  .  . 
Indianapolis,  Ind.. 
Lawrence,  Mass. . . 
Loui.sville,  Ky. .  .  . 
New  Haven,  Conn 

New  Orleans,  La. . 
Paterson,  N.  J. .  .  . 
Philadelphia,  Pa. . 
Pittsburgh.  Pa. .  .  . 
Providence,  R.  L . 

Reading,  Pa 

Scranton,  Pa 

Springfield,  Mass.. 
Washington,  D.  C. 
Wilmington,  D.  C. 


Slow 

Rapid 

Rapid 

Rapid 

Rapid 

Rapid 

Slow 

Slow 

Rapid 

Slow 

Rapid 

Rapid 

Slow 

Slow 

Slow 

Slow 

Rapid 

Slow 

Slow 

Slow 


74 
41 
80 

78 
54 

28 
39 
79 
58 
38 

33 
69 
68 
85 
31 

34 
60 
0 
43 
31 
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The  effect  of  water  filtration  on  the  typhoid  fever  death-rate  is 
well  understood,  but,  again  to  drive  the  point  home,  the  speaker 
presents  a  tabular  statement  showing  the  actual  experience  in 
twenty  representative  cities  of  this  country. 

Among  sanitarians  there  appears  to  be  little  if  any  dissension 
from  the  view  that  modern  filtration  practices  actually  eliminate 
the  water-}x)rne  diseases,  or  typhoid  fever  and  closely  allied  dis- 
orders at  the  very  least.  That  is  to  say,  where  the  plants  are 
properly  designed,  well  constructed,  and  intelligently  operated, 
water  filtration  in  practical  terms  is  one  hundred  per  cent,  efficient. 

The  speaker  next  wishes  to  present  some  statistics  to  show  how 
the  typhoid  fever  death-rate,  among  the  urban  population  of  the 
United  States,  has  decreased  as  water  purification  developed. 
The  relationship  between  the  two  is  strikingly  proportional,  and 
holds  out  every  good  promise  for  the  future. 

Relationship  between  the  Increase  in  Population  Supplied  with  Fil- 
tered Water  and  the  Decrease  in  the  Typhoid  Fever  Death-Rate 
IN  the  Registration  Cities  of  the  United  States. 


Per  Cent,  which  Filtered 

fe.S 

POPUL 

\TION. 

Water  Population  was  of 

0)  m  C 
fe.2  o 

Year. 

Total  in 

Total 
Population  of 
United  States. 

Total      . 

3^1    • 

Total  for  Registration 
Cities. 

United  States 
Supplied  with 
Filtered  Water. 

Population 

Registration 

Cities. 

Tvpho 
Deat 
Regis 

Cities 

1900 

21  477  000 

1  860  000 

2.4 

8.7 

36 

1901 

22  146  000 

2  400  000 

3.1 

10.8 

34 

1902 

22  679  000 

2  700  000 

3.4 

11.9 

37 

1903 

23  221  000 

3  100  000 

3.8 

13.3 

38 

1904 

23  724  000 

3  800  000 

4.6 

16.0 

35 

1905 

24  729  000 

4  300  000 

5.1 

17.4 

30 

1906 

26  342  000 

5  400  000 

6.7 

20.5 

33 

1907 

27  14.5  000 

6  300  000 

7.2 

23.2 

32 

1908 

28  501  000 

7  500  000 

8.4 

23.3 

25 

1909 

29  655  000 

8  900  000 

9.8 

30.1 

21 

1910 

21  342  000 

10  805  000 

11.7 

34.6 

24 

1911 

32  376  000 

12  000  000 

12.8 

37.2 

20 

1912 

33  304  000 

14  100  000 

14.7 

42.4 

16 

1913 

34  230  000 

16  500  000 

17.0 

48.0 

16 

Where  a  city  takes  its  public  water  supply  from  surface  streams 
and  lakes,  it  is  always  liable  to  dangerous  contamination  at  any 
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time.  Strict  sanitary  patrol  of  the  watershed  will  tend  to  prevent 
gross  pollution  and  minimize  the  danger,  but  it  will  not  eliminate 
it  entirely.  Merely  because  a  city  for  years  has  enjoyed  a  very 
low  typhoid  fever  death-rate  while  continuing  to  use  a  surface 
water  supply  without  purification,  is  no  reasonable  assurance  that 
at  any  time  the  supply  may  not  become  contaminated  and  cause 
an  epidemic  among  the  consumers.  No  unpurified  surface  water 
supply  is  entirely  safe  to  drink,  and  on  hygienic  grounds  alone 
water  purification  will  always  show  a  substantial  balance  on  the 
right  side  of  the  ledger.  Where  one  dollar  is  spent  for  pure  water, 
many  dollars  are  saved  in  the  form  of  vital  capital  through  the 
prevention  of  sickness  and  death.  If  a  community  of  19  000  people 
spends  each  year  forty  cents  per  capita  for  filtered  water,  and  thus 
each  year  prevents  a  single  death  and  the  attendant  ten  cases  of 
illness  from  typhoid  fever,  it  will  come  out  even  financially,  and 
increase  its  self-respect  into  the  bargain. 
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REPORT  OF  COMMITTEE  ON  METER  RATES. 

iPresented  February  9,  1916.] 

(Subject  to  Revision.) 

To  THE  New  England  Water  Works  Association: 

Your  Committee  on  Meter  Rates,  having  presented  a  pre- 
liminary' report  in  September,  1914,*  and  having  had  the  benefit 
of  such  discussion  as  has  taken  place  by  members  of  the  Asso- 
ciation, now  presents  its  final  report. 

Your  Committee  has  prepared  a  standard  form  for  Meter  Rates. 
This  is  given  in  alternate  forms,  according  as  gallons  or  cubic 
feet  are  used,  and  as  the  unit  of  time  is  annual,  quarterly,  or 
monthly.    The  schedules  are  as  follows: 

QUANTITIES  IN  GALLONS.     BILLS  ANNUALLY. 

For  each  service  supplied  by  f-in.  meter  there  shall  be  a  charge  for 

the  service  and  meter  per  annum,  of  $ 

In  addition  thereto,  for  all  water  drawn  there  shall  be  charged:  Per 

1  000  gal. 

For  the  first  300  000  gal.  of  water  per  annum,  or  any  part  thereof, 

the  Domestic  Rate  of  $ 

For  water  in  excess  of  300  000  gal.  and  under  3  000  000  gal.  per 

annum,  the  Intermediate  Rate  of  $ 

For  water  in  excess  of  3  000  000  gal.  per  annum,  the  Manufac- 
turing Rate  of  $ 

QUANTITIES  IN  GALLONS.     BILLS  QUARTERLY. 

For  each  service  supplied  by  f-in.  meter  there  shall  be  a  charge  for 

the  service  and  meter  per  quarter,  of  $ 

In  addition  thereto,  for  all  water  drawn  there  shall  be  charged:  Per 

1  000  gal. 

For  the  first  75  000  gal.  of  water  per  quarter,  or  any  part  thereof, 

the  Domestic  Rate  of  S 

For  water  in  excess  of  75  000  gal.  and  under  750  000  gal.  per 

quarter,  the  Intermedi.ate  Rate  of  S 

For  water  in  excess  of  750  000  gal.  per  quarter,  the  Manufac- 
turing Rate  of  $ 

*  Journal  N.  E.  W.  W.  A..  Vol.  28.  199  (1914). 
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QUANTITIES  IN  GALLONS.     BILLS  MONTHLY. 

For  each  service  supplied  by  f-in.  meter  there  shall  be  a  charge 

for  the  service  and  meter  per  month,  of  $ 

In  addition  thereto,  for  all  water  drawn  there  shall  be  charged :  Per 

1  000  gal. 

For  the  first  2.5  000  gal.  of  water  per  month  or  any  part  thereof, 

the  Domestic  Rate  of  $ 

For  water  in  excess  of  25  000  gal.  and  under  250  000  gal.  per 

month,  the  Intermediate  Rate  of  $ 

For  water  in  excess  of  250,000  gal.  per  month,  the  Manufac- 
turing Rate  of  $ 

QUANTITIES  IN  CUBIC  FEET.     BILLS  QUARTERLY. 

For  each  service  supplied  by  |-in.  meter  there  shall  be  a  charge  for 

the  service  and  meter  per  quarter,  of  $ 

In  addition  thereto,  for  all  water  drawn  there  shall  be  charged:  Per 

100  cu.  ft. 

For  the  first  10  000  cu.  ft.  of  water  per  quarter  or  any  part  thereof, 

thereof,  the  Domestic  Rate  of  $ 

For  water  in  excess  of  10  000  cu.  ft.  and  under  100  000  cu.  ft.  per 

quarter,  the  Intermediate  Rate  of  $ 

For  water  in  excess  of  100  000  cu.  ft.  per  quarter,  the  Manufac- 
turing Rate  of  $ 

QUANTITIES  IN  CUBIC  FEET.     BILLS  MONTHLY. 

For  each  service  supplied  by  f-in.  meter  there  shall  be  a  charge  for 

the  service  and  meter  per  month,  of  $ 

In  addition  thereto,  for  all  water  drawn  there  shall  be  charged:  Per 

100  cu.  ft. 

For  the  first  3  300  cu.  ft.  of  water   per  month,    or    any  part 
thereof,  the  Domestic  Rate  of  $ 

For  water  in  excess  of  3  300  cu.  ft.  and  under  33  000  cu.  ft.  per 

month,  the  Intermediate  Rate  of  $ 

For  water  in  excess  of  33  000  cu.  ft.  per  month,  the  Manufac- 
turing Rate  of  $ 

The  prices  to  be  written  in  the  schedule  should  be  fixed  in 
each  case  by  the  local  authorities  to  meet  local  conditions  and 
to  produce  the  required  revenue,  and  the  committee  makes  no 
suggestion  as  to  how  great  they  should  be.  It  suggests,  however, 
that  the  methods  of  determining  the  service  charge  and  the  rates 
for  each  class  of  water  should  follow  those  outlined  in  its  pre- 
liminary report. 
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For  a  domestic  service  with  |-in.  meter,  the  ordinary  service 
charge  may  properly  be  about  S3  per  annum  where  service  and 
meter  are  paid  for  by  the  taker;  $4  where  the  meter  is  furnished 
by  the  works,  and  $5  or  S6  where  both  meter  and  service  pipe  are 
paid  for  by  the  works,  the  lower  figure  being  used  where  the 
average  cost  of  the  service  pipe  is  under  $15,  and  the  higher  where 
it  is  greater  than  $15.  The  above  charges,  however,  are  subject 
to  modification,  depending  upon  local  conditions,  and  in  general 
the  method  of  fixing  them  should  be  that  laid  down  in  the  pre- 
liminary report  of  this  committee. 

It  is  recommended  that  the  price  per  1  000  gal.  or  per  100  cu. 
ft.  be  in  most  cases  an  even  number  of  cents,  omitting  fractions, 
and  that  the  domestic  rate  and  manufacturing  rate  be  first  fixed; 
that  the  manufacturing  rate  should  very  seldom  be  less  than  half 
of  the  domestic  rate,  and  that  for  the  intermediate  rate  the  price 
be  to  the  nearest  cent  midway  between  the  average  and  the  mean 
proportional  of  the  domestic  rate  and  the  manufacturing  rate. 
In  other  words,  it  will  ordinarily  be  half-way  between  the  two, 
or  half-way  between  the  two  less  one-haK  cent. 

The  minimum  charges  for  services  with  meters  larger  than 
f-in.  may  be  fixed  at  larger  sums,  to  be  computed  by  the  methods 
indicated  in  the  preliminary  report. 

A  flat  rate  for  all  quantities  may  be  made  by  fixing  the  same 
pric§  for  water  for  domestic  purposes  and  for  manufacturing 
purposes,  and  in  this  event  the  whole  schedule  may  be  simplified. 

The  committee  further  recommends  that  where  the  same  works 
supply  water  in  different  services  under  conditions  which  impose 
substantially  greater  relative  expense  in  one  or  more  such  serv- 
ices as  compared  with  others,  by  reason  of  high-service  pumping 
or  otherwise,  that  it  is  just  and  equitable  that  discriminations  be 
made  and  that  for  water  sold  in  such  districts  the  additional  cost 
may  be  approximately  ascertained  and  an  added  price  may  be 
charged  for  water  sold  in  such  districts. 

For  example,  to  one  of  the  schedules  as  drawn  above  might 
be  added  the  words: 

"  For  all  water  sold  in  the  high-service  district  the  charges 

shall  be cents  per  1  000  gal.  (or  per  100  cu.  ft.)  greater 

than  those  in  the  above  schedule." 
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The  committee  recommends  that  statistics  of  sales  of  water  by 
meter  be  classified  on  the  basis  that  is  used  in  the  preparation  of 
the  rates  schedule,  and  suggests  that  this  can  be  done  for  any 
water-works  system,  even  though  the  meter  rates  are  not  in  the 
form  recommended.  The  classification  might  appropriately  be 
in  this  form: 

Statistics  of Water  Works  for  Year 


Services 

Services 

Services 

commg 

commg 

securing 

entirely 

under 

Manu- 

under 

Interme- 

facturing 

Domestic 

diate 

Rates, 

Rates, 

Rates, 

that  is, 

that  is, 

that  is, 

usmg  an 

Total. 

averagmg 

averagmg 

average 

less  than 

between 

of  more 

820  gal. 

820  to 

than  8  200 

per  day. 

8  200 

gal.  per 

day. 

gal.  per 
day. 

Number  of  services 

Total   amount   of   water 

supplied  to  these  ser- 

vices.    Millions  of  gal- 

' 

lons  

Total  amount  of  revenue 

derived  from  these  ser- 

vices.    Dollars 

The  above  constitutes  all  the  underlying  data  that  are  necessary. 
From  them  the  amount  of  water  that  would  be  sold  under  each 
of  the  rates,  if  a  rate  in  the  form  now  recommended  were  adopted, 
can  be  readily  ascertained,  and  also  the  present  revenue  derived 
therefrom.  From  these  the  average  present  receipts  from  water 
quantities  sold  Within  these  limits  can  be  determined.  With 
this  information,  the  rates  in  the  form  recommended  by  your 
committee  that  would  produce  the  same  amount  of  revenue  as 
present  rates,  in  any  case,  can  be  ascertained. 

Compiling  statistics  in  this  form  will  further  permit  comparison 
of  meter  rates  now  in  use  under  schedules  which  do  not  permit 
direct  comparisons  to  be  readily  made,  and  will  facilitate  such 
comparisons  on  an  accurate  and  uniform  basis. 
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The  committee  calls  attention  to  the  chart  prepared  by  it, 
and  to  be  obtained  in  quantities  from  the  Secretary,  as  a  conven- 
ient means  for  plotting  and  comparing  various  meter  rates. 

The  committee  recommends  that  the  form  for  rates  now  pre- 
sented be  adopted  by  the  Association  as  a  standard. 

The  committee  further  reports  that  the  other  matters  referred 
to  it,  relating  to  the  study  of  waste  of  water,  are  still  under  con- 
sideration. As  these  matters  are  not  in  any  way  related  to  those 
first  referred  to  the  committee,  the  committee  now  reports  on 
its  primary  work,  which  is  complete,  and  asks  for  further  time  in 
reporting  upon  the   other  matters. 

Allen  Hazen,  Chairman, 

A.  W.  CUDDEBACK, 

A.  E.  Blackmer, 
James  L.  Tighe, 
Charles  R.  Bettes, 
Philander  Betts, 

Committee  on  Meter  Rates. 


discussion. 

Mr.  C.  W.  Sherman.*  I  move  that  this  report  be  accepted, 
and  that  the  committee's  recommendation  as  to  the  adoption  of 
the  form  for  making  out  meter  rates  be  adopted  as  the  standard 
of  the  Association. 

(The  motion  is  seconded  by  Mr.  C.  M.  Saville.) 

Mr.  G.  a.  KiNG.t  Mr.  President,  would  it  not  be  well  for  the 
Association  to  know  what  those  recommendations  are  a  little 
more  than  we  can  know  now?  Should  they  not  be  printed  and 
sent  to  the  members  and  then  action  taken  on  them? 

Mr.  Sherman.  It  seems  to  me,  Mr.  President,  that  the  Associa- 
tion would  not  commit  itself  to  anything  that  might  in  any  way 
work  out  unfortunately  in  adopting  this  as  a  standard,  and  until 
something  is  adopted  as  a  standard  there  is  not  much  likelihood 
of  getting  it  used.  If,  after  a  year  or  two,  there  is  any  possi- 
bility of  improving  it,  it  would  not  be  a  difficult  matter  to  amend 

*  Of  Metcalf  &  Eddy,  Boston. 

t  Superintendent  Water  Works,  Taunton,  Mass. 
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it.  The  prime  thing,  as  I  see  it,  is  a  method  of  arranging  these 
things  as  a  standard  method.  The  committee  does  not  in  any 
way  recommend  the  prices  that  should  be  put  in;  that  should  be 
fixed  by  each  place  independently. 

Mr.  Frank  L.  Fuller.*  I  agree  with  Mr.  King  that  we  ought 
to  have  a  chance  to  study  these  rates  before  we  vote  to  adopt 
them.  I  think  that  at  a  subsequent  meeting  the  motion  would 
be  in  order. 

Mr.  Maurice  R.  Scharff.I  In  addition  to  the  desirability 
of  giving  further  study  to  this  schedule,  and  possibly  the  read- 
ing of  this  committee  report,  it  seems  to  me  there  are  at  least  one 
or  two  rather  important  criticisms  that  may  be  made  of  the 
schedule  as  presented  that  ought  to  be  given  consideration,  careful 
consideration,  before  this  Association  commits  itself  to  this  form 
of  schedule.     I  will  refer  to  those  as  briefly  as  I  can. 

The  general  form  of  the  schedule  I  believe  is  very  excellent 
indeed,  and  I,  for  one,  am  pleased  to  see  a  schedule  recommended 
in  the  form  of  a  service  charge  without  any  allowance  of  water, 
and  a  sliding  scale  meter  rate.  But  the  service  charge  recom- 
mended, amounting  to  from  three  to  six  dollars  per  annum,  is 
evidently  based  wholly  upon  the  assumption  that  the  consumer 
is  to  pay  the  fixed  charges  upon  the  cost  of  the  meter  and  service 
connection  only.  Now,  it  seems  to  me  that  the  idea  of  a  rate 
schedule  is,  in  the  first  place,  to  distribute  the  cost  of  maintaining 
a  water-works  plant  among  consumers  somewhat  in  proportion 
as  they  contribute  to  that  cost,  and  the  idea  of  making  a  division 
between  a  service  charge  and  a  meter  charge  is  primarily  to  assess 
by  meter  charge  those  costs  which  depend  more  or  less  directly 
upon  the  amount  of  water  consumed,  and  to  assess  by  a  service 
charge  those  costs  which  are  wholly  independent  of  the  amount 
of  water  consumed.  Now,  it  is  obvious  that  in  addition  to  the 
fixed  charges  upon  the  meter  and  connection,  the  fixed  charges 
upon  a  very  large  portion  of  the  water-works  plant,  including  the 
entire  distribution  system  and  considerable  portions  of  the  supply 
works,  are  wholly  independent  of  the  amount  of  water  consumed 
by   the   connected   consumers   and   dependent  wholly  upon   the 

*  Civil  Engineer,  Boston, 
t  Pittsburgh,  Pa. 
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demands  thrown  upon  the  system  by  those  consumers.  I  be- 
heve,  therefore,  that  a  service  charge  which  contains  no  allowance 
for  water  consumed  but  which  is  sufficiently  large  so  that  the 
consumer  shall  pay  his  fair  proportion  of  all  of  the  charges  which 
he  occasions  to  the  water  works  by  his  connection,  and  which 
will  include  the  fixed  charges  upon  the  plant  for  supplying  the 
water  and  distributing  it  to  him,  would  be  fairer  and  better  adapted 
to  practical  use  in  the  long  run  than  such  a  small  service  charge 
as  is  here  suggested. 

Another  disadvantage  of  the  small  service  charge  here  suggested 
is  that  all  of  these  additional  fixed  charges  to  which  I  have  re- 
ferred are  transferred  into  the  meter  rate,  which  is  thereby  made 
so  much  higher.  The  direct  result  of  this  is  to  penalize  the  long- 
hour  high-load  factor  consumer,  who  uses  water  perhaps  twenty- 
four  hours  per  day  at  a  more  or  less  uniform  rate,  the  most  de- 
sirable tj^pe  of  consumer,  and  the  one  to  whom  the  water  works 
can  best  afford  to  make  concession  in  order  to  retain;  and  by 
raising  the  meter  rate  and  holding  down  the  service  charge,  to 
reward  the  low-load  factor  short-hour  consumer,  who  is  the  most 
expensive  consumer  to  supply. 

One  other  criticism  of  the  schedule  that  may  be  made  is  that 
it  seems  to  me  it  is  entirely  too  definite  with  respect  to  suggesting 
the  rates  of  consumption  which  shall  be  adopted  as  the  dividing 
fines  between  the  several  steps  of  the  sliding  scale.  To  my  mind, 
the  justification  of  a  sliding  scale  of  meter  rates  is  the  fact  that  a 
water-works  plant,  although  it  may  have  the  monopoly  of  the 
supply  of  water  in  a  given  territory,  is  nevertheless  placed  in  com- 
petition with  other  possible  sources  of  supply  whenever  it  comes 
to  supply  a  consumer  large  enough  so  that  a  separate  supply 
system  becomes  an  economic  possibility.  And  the  justification 
for  the  sliding  scale  of  rates  is  the  necessity  of  making  concessions 
to  such  large  consumers  so  that  they  may  obtain  water  at  some- 
thing approaching  the  price  at  which  they  might  obtain  it  if  they 
put  in  independent  supplies  of  their  own.  In  other  words,  we 
have  here  exactly  the  same  problem  of  rate  making  that  the  electric 
light  and  power  companies  have  to  face  in  going  into  the  market 
and  attempting  to  displace  isolated  power  plants.  That  being 
the  case,  the  so-called  manufacturing  rate  or  lower  step  of  the 
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sliding  scale  schedule  should  depend,  I  think,  entirely  upon  the 
local  conditions  with  respect  to  the  availability  of  other  sources 
of  supply  and  the  number  and  character  of  large  consumers  who 
have  to  be  considered  as  possibly  going  to  other  competitive 
sources  of  supply. 

For  those  reasons  it  seems  to  me  entirely  impractical  to  fix 
in  any  standard  form  either  the  rates  of  consumption  which 
should  be  considered  as  the  proper  dividing  lines  between  the 
several  steps  of  the  schedule  or  the  ratio  between  the  maximum 
and  minimum  rates  of  the  schedule,  as  is  suggested  in  this  report. 
And  not  only  do  I  think  it  wise  that  further  consideration  should 
be  given  to  the  report  before  it  is  adopted,  but  it  appears  to  me 
very  unwise  that  it  should  be  adopted  unless  some  changes  along 
these  two  lines  should  first  be  made. 

Mr.  Sherman.  I  am  hardly  in  a  position  to  be  arguing  for 
the  committee,  not  being  a  member  of  it  and  not  having  seen 
the  report  before  I  read  it.  But  I  think  Mr.  Scharff's  first  criti- 
cism is  made  under  some  misapprehension  of  what  the  report 
saj's.  While  they  do  suggest  that  the  method  of  fixing  the  service 
charge  might  very  properly  follow  the  method  outlined  in  their 
preliminary  report,  and  be  based,  as  Mr.  Scharff  says,  on  the 
fixed  charges  on  service  pipe  or  meter,  they  do  not  at  all  specify 
it  in  the  standard  form  of  rates,  and  the  Association  by  accepting 
the  suggested  form  as  a  standard  would  not  accept  that  method 
of  fixing  the  service  charge.  That  would  be  left  to  be  fixed  by 
each  water  department  for  itself.  The  specific  wording  here  is, 
"  It  suggests,  however,  that  the  method  of  determining  the  service 
charge  and  the  rates  for  each  class  of  water  should  follow  those 
outlined  in  its  preliminary  report."  That  does  not,  however, 
make  them  a  part  of  the  standard  method  of  rating. 

The  other  point  raised  by  Mr.  Scharff,  that  of  the  points  of 
division  between  domestic,  intermediate,  and  manufacturing 
rates,  is,  of  course,  fixed  in  their  recommendation,  and  must  be 
fixed  if  anything  is  to  be  taken  as  a  standard.  It  does  not  seem 
to  me  that  that  is  necessarily  an  argument  against  it.  The  com- 
mittee, at  least  in  its  preliminary  report,  recognized  fully  that 
local  conditions  might  in  some  cases  make  any  such  standard  as 
they  recommend  impractical.     And  unquestionably  where  local 
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conditions  call  for  something  different  than  would  conform  to  the 
standards,  the  local  conditions  should  govern.  But  there  are  a 
great  many  cases  where  there  is  no  particular  reason  where 
any  convenient  point  should  not  be  considered  the  dividing  line, 
and  for  all  such  cases  it  would  seem  desirable  that  such  a  standard 
be  adopted.  Certainly  we  can  make  no  comparison  of  quantities 
of  water  used  under  the  different  charges,  or  of  what  the  changes 
in  revenue  would  be  for  certain  changes  in  charges,  unless  we  have 
some  definite  division  point  for  what  may  be  considered  standard 
rates. 

Under  these  circumstances,  and  bearing  in  mind  that  the  com- 
mittee does  not  recommend  as  part  of  its  standard  what  the  service 
charge  should  be,  but  merely  suggests  a  method  which  seems  to 
them  a  reasonable  way  of  getting  at  it,  and  that  while  this  matter 
of  dividing  the  different  classes  of  charges  may  not  be  applicable 
in  all  cases,  it  still  probably  is  in  a  large  percentage  of  them,  and  if 
anything  is  to  be  standard  it  has  got  to  be  adopted  by  somebody, 
and  I  think  our  committee  is  as  well  qualified  to  judge  what  those 
points  are  as  any  committee  could  be,  —  I  think  there  is  no  reason 
yet  advanced  why  the  Association  should  not  adopt  this. 

Mr.  jMartin.*  I  think  there  is  one  reason  why  we  should 
postpone  this  matter  to  the  next  meeting,  and  that  is  the  lack 
of  members  present.  The  members  have  drifted  out.  There 
are  perhaps  not  more  than  half  as  many  here  as  there  would  be 
if  we  take  it  up  at  the  beginning  of  the  next  meeting.  It  seems 
to  me  that  it  would  be  a  good  scheme  to  have  this  report  printed 
and  forwarded  to  the  members  with  the  notice  of  the  next  meeting, 
and  then  have  it  taken  up  with  a  full  membership  and  discussed, 
if  it  is  necessary  to  discuss  it,  and,  if  not,  have  it  voted  on  when 
there  are  enough  here  to  know  just  what  is  going  on.  I  offer 
that  suggestion. 

Mr.  Kixg.  Mr.  President,  I  move  that  as  a  substitute  motion 
to  Mr.  Sherman's,  that  it  be  printed  and  sent  to  memliers  and 
action  taken  at  the  next  meeting. 

Mr.  Sherman.     That  is  entirely  acceptable,  Mr.  President. 

President  Sullivan.  Then  it  is  made  as  a  motion,  as  stated 
by  Mr.  Martin,  that  it  be  printed  and  sent  to  members  and  be 

*  Superintendent  of  Water  Works,  Springfield,  Mass. 
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discussed    at   the   beginning   of   tlie   next   meeting.     The   other 
motion  is  withdrawn,  if  there  is  no  objection.     Is  there  anything 
to  be  said  on  that  motion? 
(The  motion  is  adopted.) 

Discussion  at  Meeting  of  February,  1916. 

Mr.  Allen  Hazen  *  (by  letter).  The  appHcation  of  the  methods 
proposed  by  the  committee  to  the  rates  of  a  specific  system  may 
be  helpful.  It  is  proposed  to  find  a  new  rate  conforming  to  the 
committee's  recommendation  that  will  produce  the  same  revenue 
that  is  produced  by  present  rates. 

The  plant  selected  for  this  study  is  a  small  one,  with  4  958  meters 
and  a  few  unmetered  services  which  are  not  brought  into  this 
study.  Waste  has  been  persistently  hunted  for  years,  and  the 
per  capita  consumption  is  unusually  low. 

On  Fig.  1  a  solid  line  shows  the  present  rates.  On  the  same 
sheet  are  drawn  three  other  solid  lines,  which  together  show  the 
annual  bills  up  to  $5  000  per  annum  for  all  quantities  of  water 
drawn.  These  total-bill  lines  -are  easily  drawn  on  the  meter-rate 
sheet  of  the  committee,  and  add  considerably  to  the  convenience 
of  the  study. 

The  meter  rates  for  this  plant,  from  a  scientific  standpoint,  are 
bad.  They  advance  by  irregular  steps.  It  is  sometimes  possible 
to  get  a  lower  bill  by  drawing  more  water.  The  rates  for  the 
largest  consumers  are  too  low,  and  for  certain  intermediate  ones 
they  are  too  high.  The  schedule,  however,  is  fixed  by  contract, 
has  successfully  withstood  attacks,  and  is  a  good  revenue  producer. 
It  is  certain  that  it  will  not  soon  be  changed,  but  we  may,  never- 
theless, see  what  could  be  done  to  improve  it  if  conditions  per- 
mitted. 

An  analysis  of  the  records  for  the  last  year  shows  that  4  839 
of  the  services  drew  less  than  300  000  gal.  each.  On  the  proposed 
classification  all  water  drawn  by  them  would  come  under  the 
Domestic  Rate.  These  services  drew  in  the  aggregate  150  000  000 
gal.  of  water,  an  average  of  85  gal.  per  day  for  each  service. 
Among  the  larger  services  there  were  99  drawing  larger  quantities 

*  Civil  Engineer,  New  York. 
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but  less  than  3  000  000  gal.  each,  and  therefore  coming  under  the 
Intermediate  Rate.     These  drew,  in  all,  47.7  million  gallons,  an 
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Fig.  1. 


average  of  1  320  gal.  per  day  for  each  service.     Of  this  amount, 
300  000  gal.  from  each  service  during  the  j'ear,  or  29.7  million 


372  REPORT    OF    COMMITTEE    ON   METER   RATES. 

gallons,  would  be  charged  at  the  Domestic  Rate.  The  remaining 
18  000  000  gal.  drawn  by  these  99  services  would  be  charged  at 
the  Intermediate  Rate.  There  were,  further,  20  services  draw- 
ing over  3  000  000  gal.  each,  and  so  coming  under  the  proposed 
Manufacturing  Rate.  The  total  draft  by  these  was  143.3  million 
gallons,  an  average  of  20  000  gal.  daily  for  each  service.  Of  the 
whole  quantit}^  drawn  by  these  20  services,  6  000  000  gal.  would 
be  charged  at  the  Domestic  Rate,  54  000  000  gal.  at  the  Inter- 
mediate Rate,  and  the  remaining  83.3  million  gallons  at  the 
Manufacturing  Rate.  Bringing  these  quantities  together  for 
the  whole  system,  it  is  found  that  341  million  gallons  were  sold,  of 
which  185.7  million  gallons,  or  54.45  per  cent.,  would  be  charged 
at  the  Domestic  Rate;  72  milHon  gallons,  or  21.12  per  cent., 
would  be  charged  at  the  Intermediate  Rate;  and  83.3  million 
gallons,  or  24.43  per  cent.,  would  be  charged  at  the  Manufacturing 
Rate. 

The  service  charge  for  local  conditions,  computed  as  suggested 
in  the  committee's  report,  is  found  to  be  40  cents  per  month,  or 
$4.80  per  annum,  for  a  f-in.  service.  For  4  958  services,  this 
amounts  to  $23  800.  About  3  per  cent,  of  the  services  are  larger 
and  would  pay  a  greater  service  charge.  Approximately,  5  per 
cent,  would  be  added,  and  the  total  amount  produced  by  the 
service  charge  would  be  $25  000. 

The  actual  revenue  from  the  sale  of  water  was  $91  226.  De- 
ducting the  amount  that  would  have  been  raised  by  the  service 
charge,  if  it  had  been  in  effect,  leaves  $66  226  to  be  charged  for 
water. 

The  slide  in  the  present  scale  exceeds  the  2  to  1  ratio  which  the 
committee  suggests  as  the  ordinary  maximum.  In  finding  new 
rates,  it  is  proposed  to  reduce  the  amount  of  slide  to  the  2  to  1 
limit.  The  calculation  will  be  made  by  first  applying  assumed 
rates  which  are  in  this  proportion  and  determining  what  these 
rates  would  have  produced  and  how  much  they  would  have 
to  be  increased  to  produce  the  desired  revenue.  It  makes  no  differ- 
ence what  rates  are  assumed  for  the  first  calculation,  so  long  as 
they  are  in  the  right  proportion ;  20,  14.6,  and  10  cents  per  1  000 
gal.  will  be  used.  At  these  rates  the  revenue  that  would  have  been 
derived  is  as  follows: 
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185.7  million  gallons  @  20c $37  140 

72  million  gallons  @  14.6c 10  510 

83.3  million  gallons  (5,  10c 8  330 

Total      $55  980 

The  required  sales  to  equal  present  revenue  as  found  above  is 
$66  226,  or  18.3  per  cent,  more  than  the  amount  found  b}-  this 
trial.  The  assumed  rates  nmst,  therefore,  be  raised  by  18.3  per 
cent.  So  corrected,  they  are  found  to  be  11.83,  17.27,  and  23.66 
cents  per  1  000  gal.  As  cubic  feet  are  used,  the  corresponding 
values  are  found  to  be  8.87,  12.95,  and  17.75  cents  per  100  cu.  ft. 
The  round  figures  9, 13,  and  18  are  sufficiently  close  and  may  be 
used. 

As  the  bills  are  rendered  monthly,  the  quantity  figures  in  the 
committee's  schedule  are  divided  by  12  (months  in  a  year)  and 
by  7.5  (gallons  in  a  cubic  foot),  and  the  schedule  with  the  blanks 
filled  in  is  as  follows: 

For  each  service  supplied  by  f-in.  meter  there  shall  be  a  charge 

for  the  service  and  meter  per  month  of 40^ 

In  addition  thereto,  for  all  water  drawn  there  shall  be  charged:  Per 

100  cu.  ft. 
For  the  first  3  300  cu.  ft.  of  water  per  month,  or  any  part  thereof, 

the  Domestic  Rate  of      ISfi 

For  water  in  excess  of  3  300  cu.  ft.  and  under  33  000  cu.  ft.  per 

month,  the  Intermediate  Rate  of      13j: 

For  water  in  excess  of  33  000  cu.  ft.  per  month,  the  Manufacturing 

Rate  of U 

On  Fig.  1  the  rates  corresponding  to  this  schedule  are  plotted 
as  a  dotted  line.  The' annual  bills  are  also  shown.  These  dotted 
lines  show  a  schedule  of  rates  that  conforms  to  the  committee's 
recommendation  in  all  respects  and  that  would  have  produced 
the  same  revenue  for  this  plant  as  the  present  rates  shown  by 
solid  lines  actually  did  produce  for  the  record  year. 

This  plotting  shows  clearly  just  which  classes  of  consumers 
would  have  their  rates  raised  and  which  would  have  their  rates 
lowered.  It  is  interesting  to  note  that  consumers  drawing  from 
50  to  150  gal.  per  daj^  on  an  average,  these,  being  two  thirds  of  the 
whole  number,  would  not  be  greatly  affected  by  the  change. 
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There  is  a  further  comparison  that  may  be  made  and  that  has 
some  interest  in  this  case.  On  page  212  *  of  the  printed  report  is 
given  a  representative  rate  in  the  form  proposed  by  the  committee 
that  in  a  general  way  is  found  to  correspond  approximately  with 
current  practice  of  American  cities  that  have  adopted  the  meter 
system.  If  this  schedule  had  been  in  effect  at  the  plant  in  question 
during  the  past  year,  the  charges  under  it  would  have  been  as 
follows : 

Service  charge  for  4  958  services  @  $4.20  (=$3.00+.$1.20)     .    .    .  $20  700 

Add  approximately  for  larger  services  5% 1  000 

185.7  million  gallons  of  water  ®  21^ 39  100 

72  million  gallons  of  water  @  16^ 11500 

83.3  million  gallons  of  water  @  llfi      9  200 

Total  revenue  at  this  rate 81  700 

The  actual  revenue  from  the  sale  of  water  was  $91  226,  which 
is  11.7  per  cent,  more  than  the  sum  that  would  have  been  received 
by  the  above-mentioned  rates.  It  is  thus  ascertained  that  the 
actual  rates  of  this  company  produced  a  revenue  that  is  about 
12  per  cent,  greater  than  the  average  or  representative  rate  as 
above  defined  would  have  done. 

The  writer  fully  concurs  in  a  great  deal  of  what  Mr.  Scharff  says 
in  regard  to  the  service  charge,  but  he  thinks  that  there  is  one 
substantial  element  in  the  situation  which  has  been  overlooked  by 
Mr.  Scharff,  and  which  makes  it  undesirable  and  impracticable 
to  greatly  increase  the  service  charge. 

In  a  normal,  completely  metered  water-works  system,  90  per 
cent.,  more  or  less,  of  all  the  takers  are  served  by  |-in.  meters  and 
services.  The  smallest  cottages  and  houses  of  considerable  size 
are  supplied  through  pipes  of  the  same  size.  A  service  of  this 
size  is  practically  large  enough  to  take  care  of  most  of  the  takers, 
and  there  are  practical  reasons  why  it  would  not  be  wise  to  in- 
crease the  size  of  the  service  pipe  unnecessarily.  On  the  other 
hand,  practical  considerations  do  not  warrant  reducing  the  size 
of  the  pipe  to  the  smallest  houses. 

If  the  whole  amount  that  might,  in  the  aggregate,  be  assessed 
in  service  charges  against  all  the  houses  could  be  equitably  assessed 
on  the  several  houses  in  proportion  to  the  facihties  for  the  use 

*  Journal  N.  E.  W.  W.  A.,  Vol.  28  (1914). 
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of  water  in  them,  there  would  be  considerable  merit  in  the  pro- 
cedure of  assessing  the  full  amount  in  that  way.  The  small  cottage 
would  then  pay  a  small  service  charge,  and  a  good-sized  house 
would  pay  a  much  larger  service  charge,  even  though  the  size  of 
the  pipe  and  meter  were  the  same. 

Practically  it  would  be  very  difficult  to  apply  such  a  system 
of  grading  service  charges,  and  it  was  not  seriously  considered  l)y 
the  committee. 

To  divide  the  whole  amount  that  might  be  placed  on  service 
charges  by  the  number  of  services,  and  to  distribute  it  equallj^ 
is  doing  a  substantial  injustice  to  the  smallest  takers,  and  lets 
the  larger  houses  off  at  less  than  their  fair  share  of  cost. 

The  way  that  the  matter  is  practically  carried  out  at  the  present 
time  in  a  majority  of  American  cities  is  to  assess  the  extra  cost 
that  might  be  attributed  to  service  charge  by  theoretical  segre- 
gation in  the  form  of  an  additional  price  per  thousand  gallons 
on  certain  quantities  of  water  that  are  first  drawn  from  each 
service.  This  gives  rise  to  the  sliding  scale.  This  procedure 
distributes  the  said  charges,  or  so  much  of  them  as  are  represented 
by  the  higher  rates,  among  the  different  consumers  in  proportion 
to  the  quantities  of  w^ater  that  are  drawn.  The  procedure  prob- 
ably does  not  put  all  the  extra  charges  exactly  where  they  should 
best  go,  but  in  a  broad,  general  way  the  writer  believes  that  it 
distributes  them  approximately  in  an  equitable  manner,  and  that 
the  general  procedure  outlined  by  the  Committee's  report  will 
result  in  a  more  equitable  distribution  of  all  the  burden  among  the 
takers  than  would  result  from  the  use  of  a  much  higher  service 
charge,  and  the  elimination  of  all,  or  a  part  of  the  excess  charge 
on  the  first  quantities  of  water  drawn. 

The  writer  believes  that  the  present  average  practice  of  Ameri- 
can water  works  is  pretty  nearly  right  in  regard  to  this  matter, 
and  the  Committee's  work  accepts  this,  but  proposes  to  stand- 
ardize it;  and  the  adoption  of  the  Committee's  reports  will  tend 
to  line  up  rates  and  to  eliminate  many  erratic  rates  now  in  force. 

The  writer  also  notes  the  suggestion  that  the  points  at  which 
change  in  rates  should  take  place  should  be  differently  selected  for 
different  communities.  No  doubt  there  would  be  here  and  there 
local  conditions  that  might  tend  to  modif}' somewhat  the  points  that 
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might  be  selected  if  local  data  only  were  considered.  This  would 
relate  mainly  to  special  rates  for  very  large  quantities,  in  making 
which  some  flexibility  in  procedure  may  be  desirable.  And  such 
flexibility  is  not  inconsistent  with  the  procedure  proposed  by  the 
committee  for  all  smaller  services.  On  the  other  hand,  generally 
speaking,  the  conditions  of  service  in  American  cities  are  tolerably 
uniform,  and  the  writer  believes  that  it  is  for  the  good  of  the 
service  that  the  points  for  change  in  rates  should  be  standardized. 
This  will  permit  direct  comparison  between  different  systems,  and 
will  give  stability  and  definiteness  to  the  business  that  is  now 
sadly  lacking. 

Philander  Betts,  Ph.D.*  {by  letter).  In  making  this  addition  to 
the  discussion  of  this  subject,  I  do  not  wish  to  be  understood  as  tak- 
ing issue  with  any  of  the  other  members  of  the  committee.  My  feel- 
ing is  that  the  report  of  the  committee  is  practically  the  resultant 
work  of  the  committee  as  a  whole,  but  I  wish  to  call  attention  to  a 
somewhat  different  method  of  treating  this  subject  which  was 
originally  set  out  by  Hopkinson  in  England,  and  by  Henry  L. 
Doherty  in  this  country  treating  of  rates  for  electricity  supply. 

Form  of  Rate  Schedules. 

There  is  an  increasing  realization  on  the  part  of  the  manage- 
ment of  public  utilities  that  all  schedules  of  rates  should  be  so 
designed  as  to  properly  distribute  the  costs  upon  those  who  benefit 
by  them.  Any  failure  to  do  so  is,  to  a  greater  or  less  extent,  an 
unjustifiable  discrimination. 

Any  system  of  rates  which  results  in  relieving  any  considerable 
proportion  of  customers  from  their  just  burdens  only  serves  to 
load  on  others  a  burden  which  they  should  not  be  asked  to  bear. 

The  cost  of  central  station  service  can  be  generally  divided 
into  three  classes: 

(1)  Those  elements  of  cost  which  are  strictly  proportional  to  the 
number  of  customers,  such  as  billing,  meter  reading,  accounting, 
collecting,  meter  testing,  etc. 

(2)  Those  elements  of  cost  which  are  proportionate  to  the  maxi- 
mum demand  which  a  customer  may  make  upon  the  plant  and 
system  of  the  public  utility. 

*  Fellow,  American  Institute  of  Electrical  Engineers;  Member,  American  Society  of 
Mechanical  Engineers. 


DISCUSSION. 


377 


(3)  Those  elements  of  cost  which  are  in  proportion  to  the  actual 
•amount  of  water,  gas,  or  electricity  actually  used. 

Any  sj^stem  of  rates  which  omits  from  proper  consideration 
any  great  proportion  of  the  costs  referred  to  above  results  in  an 
overcharge  to  some  and  too  great  liberality  to  others. 

In  the  following  Table  1,  an  attempt  has  been  made  to  allocate 
all  of  the  expenses  for  a  given  year  to  the  appropriate  class  of 

TABLE    1. 

Expenses  in  Connection  with  Service  to 


Item. 


$300  000. 


Private  Customers. 


Class  1.  Class  2.         Class  3. 


$60  000. 


Fire  Protection. 


^^l^^      Class  2.      Class  3. 


Profit,  7  per  cent 

Taxes  —  |  plus  i 

Administration 

Interest  temporary  loans  . 

Insurance  

Stationery  and  stamps. . . . 

Telephones 

Other  office  expenses 

Wages,  clerks,  etc 

Wages,  outside 

Legal  expenses 

Tools 

Automobile  maintenance  . 
Painting      and      repairing 

standpipe 

Painting      and     repairing 

hydrants 

Painting      and      repairing 

meters 

Painting      and      repairing 

buildings 

Painting      and      repairing 

pipe  lines 

Miscellaneous  expenses.  .  . 

Depreciation 

Pumping: 

Wages 

Fuel 

Oil,  waste,  packing 

Lighting  stations 

Repairing  machinery 

Miscellaneous  expenses.  .  . 


U  000.00 


361.88 
113.29 
69.43 
1  30O..50 
450.17 
100.00 

397.67 


240.78 


U  234. .51 


$21  000.00 

2  370.00 

722.42 

403.04 


100.00 
lOo.OO 


100.00 
871.23 


60.79 

200.00 

4  139.65 


$435.70 
100.00 

200.00 

90.11 
400.00 


600.00 
250.00 


$30  250.55   $6  038.04 


$40  523.10 


Per  customer 

Per  demand  unit . .  . 
Per  gal.  pumped  . .  . 
Total  customers. . .  . 
Total  gal. pumped.  . 
Total  demand  units. 


$2.22 

12.06 

7.2c 

1  905 
84  000  000 

2  507 


$8.45 


$4  200.00 
395.00 


67.17 


100.00 


145.20 
128.93 


50.00 
700.00 


45     $5  786.30      $100.00 


$5  894.75 


8100.00 


Per  hydrant : 
214)  5  894.7 
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costs.  These  figures  are  taken  from  the  actual  operating  expenses 
of  one  of  the  New  Jersey  seashore  companies. 

It  will  be  noted  that  depreciation  and  interest  are  all  put  in  the 
second  class  of  costs.  The  reason  for  this  is  that  at  the  present 
time  rates  of  return  and  rates  for  depreciation  are  based  upon  the 
investment,  and  do  not  take  into  account  the  efficiency  in  opera- 
tion. It  may  be,  in  the  last  analysis,  that  we  ought  to  base  part 
of  our  profit  on  the  amount  of  the  investment  and  part  of  it  on 
the  efficiency  in  management.  This  would  throw  a  portion  of  our 
profit  into  the  third  class  of  expenses. 

In  the  analysis  referred  to,  it  will  be  noted  that  the  expenses 
have  been  divided  into  two  general  classes,  —  those  referring  to 
fire  protection  and  those  referring  to  the  cost  of  furnishing  the 
service  to  private  consumers.  The  method  of  division  of  the 
investment  for  this  purpose  is  not  up  for  discussion  at  this  time, 
and  I  will  not  refer  to  my  reasons  for  dividing  the  investment  in 
the  way  I  have.  It  will  be  noted  at  the  head  of  this  table  that 
I  have  allotted  an  investment  of  $60  000  to  the  fire  protection, 
and  an  investment  of  $300  000  to  private  consumers. 

In  the  table  it  will  be  noted  that  the  amount  charged  in  connec- 
tion with  fire  protection  is  $5  894.75.  As  there  were  in  use  214 
hydrants,  the  unit  cost  per  hydrant  was  $27.54.  The  contract 
price  paid  by  the  municipality  was  $25  per  hydrant.  The  rela- 
tion between  these  figures  shows  that  the  municipality  should 
pay  at  a  somewhat  greater  rate  for  hydrant  service  under  the 
present  conditions.  Their  failure  to  do  so  throws  some  of  these 
costs  on  consumers  generally. 

With  reference  to  private  customers,  at  the  time  under  dis- 
cussion, there  were  approximately  1  905  customers  carried  on  the 
books  of  the  company.  Table  1  shows  that  the  Class  1  expenses 
amounted  to  $4  234.51.  This  gives  as  the  unit  cost  per  customer 
for  Class  1  expenses,  $2.22.  With  reference  to  the  division  of 
Class  2  expenses  over  the  various  classes  of  customers,  some  con- 
sideration must  be  given  to  the  methods  for  determining  the 
maximum  demand  made  by  each  customer. 

In  deciding  upon  the  method  to  be  adopted  in  measuring  the 
demand  which  each  customer  may  make  upon  the  plant  of  a  water 
company,  we  meet  with  considerable  difficulty.     In  the  earlier 
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days,  water  was  supplied  at  flat  rates,  these  rates  being  based 
upon  an  assumed  demand,  although  demand  and  consumption  were 
in  general  considered  to  be  the  same  thing  by  the  companies. 

Demand  indicates  the  draft  or  requirement  a  customer  can 
make  momentarily;  consumption  indicates  the  actual  amount  he 
does  draw  in  the  course  of  time.  Flat  rates  for  water  supply  were 
made  up  by  adding  together  charges  of  an  arbitrary  amount  for 
each  one  of  various  kinds  of  fixtures,  each  additional  fixture  carry- 
ing with  it  an  additional  charge.  In  some  cases,  water  rates  have 
been  computed  in  proportion  to  the  width  of  the  lot  occupied  by 
the  building  supplied.  This,  however,  has  mainly  been  true  in 
connection  with  municipally  operated  supplies.  Charges  have 
also  been  computed  by  the  square  feet  of  floor  area  in  a  building; 
they  have  also  been  computed  by  making  allowances  of  a  certain 
amount  for  each  sleeping  room,  this  being  an  assumption  that 
the  number  of  sleeping  rooms  was  a  measure  of  the  number  of 
occupants  in  a  building,  and  in  turn  the  number  of  occupants 
was  the  best  measure  of  the  use  of  water. 

In  recent  years,  flat  rates  have  been  based  upon  the  number  and 
character  of  the  fixtures.  It  will  readily  be  seen  that  the  methods 
of  charging  referred  to  would  lead  to  great  inconsistencies,  due 
to  the  fact  that  some  persons  will  use  a  very  much  greater  quantity 
of  water  than  others  occupying  premises  equipped  in  exactly  the 
same  way.  These  inconsistencies  have  led  to  complaints,  and 
the  final  result  has  been  the  adoption  of  meters  in  a  great  many 
of  our  communities.  In  some  places,  meters  are  used  in  connec- 
tion with  every  customer;  in  others,  meters  are  only  used  where 
the  conditions  are  peculiar  and  where  flat  rates  lead  to  great  in- 
equality in  the  treatment  of  its  customers. 

It  has  been  stated  above  that  costs  for  service  may  be  genendly 
divided  into  three  classes,  and  with  such  a  division  no  one  will 
disagree,  although  there  nmy  not  be  entire  agreement  as  to  the 
method  of  classifying  the  various  kinds  of  expenses.  This  being 
true,  it  will  be  equally  obvious  that  any  system  of  rates  based  upon 
a  uniform  charge  per  unit  of  product,  without  any  other  element 
in  the  rate  schedule,  or  without  a  minimum  charge,  to  say  the 
least,  could  not  help  but  relieve  some  customers  of  charges  whicii 
they  should  properly  bear. 
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The  problem  before  us  is  to  ascertain  how  we  may  determine 
the  demand  that  may  be  made  by  each  customer  upon  the  plant 
and  distribution  system  of  the  water  company.  The  size  of  the 
meter  and  the  size  of  the  service  pipe,  if  correctly  proportioned 
to  the  fixtures  installed  in  a  building,  appear  to  be  the  best  index 
for  determining  the  demand.  Such  methods  are  common  in  con- 
nection with  electric  light  schedules,  but  with  water  supply  the 
conditions  are  somewhat  different  from  those  of  electric  light 
plants. 

With  electric-lighting  service,  there  are  available  maximum  de- 
mand meters,  which  measure,  as  the  name  implies,  the  maximum 
demand  made  by  the  customer,  that  is,  the  maximum  demand  for 
current  at  any  one  time. 

With  regard  to  water  supply,  there  is  no  such  instrument  avail- 
able as  a  meter  registering  the  maximum  demand  at  any  particu- 
lar time,  and  even  if  it  were  available,  it  might  not  be  a  true  index 
of  the  proper  demand  charge  to  be  made  against  a  given  customer, 
due  to  the  fact  that  the  water  user  can  usually  wait  a  few  mo- 
ments if  the  demand  for  water  is  too  great  either  in  his  own  build- 
ing or  in  the  immediate  vicinity.  Further,  water  can  be  stored 
in  tanks  in  buildings,  and  can  be  supplied  with  some  degree  of  uni- 
formity to  the  fixtures  in  the  buildings.  Such  methods  are  com- 
mon in  our  large  cities,  where,  due  to  the  height  of  the  buildings,  it 
is  necessary  to  install  pumps  with  tanks  located  on  the  roof  or  in 
the  upper  portions  of  the  buildings.  In  such  cases,  a  comparatively 
small  pump  takes  water  from  the  street  mains,  and,  operating 
continuously,  or  nearly  so,  feeds  the  tank  on  the  roof.  The  fluc- 
tuations in  demand  by  the  occupants  of  the  building  are  supplied 
from  the  tank.  Under  such  conditions,  the  maximum  demand 
made  by  a  given  building  may  be,  and  usually  will  be,  smaller 
than  where  no  pumping  system,  with  its  accompanying  tanks,  is 
found. 

Another  difficulty  in  using  the  size  of  meter  or  size  of  service 
pipe  as  a  positive  measure  of  the  demand  which  a  customer  will 
make,  is  due  to  the  fact  that  the  variation  in  capacity  in  meters 
is  so  great.  The  smallest  meter  ordinarily  in  use  is  the  so-called 
l^-in.  meter,  and  is  used  in  connection  with  |-in.  service  pipe; 
the  next  larger  size  is  the  f-in.  meter,  used  in  connection  with  the 
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f-in.  service  pipe.  The  f-in.  meter  has  just  twice  the  capacity 
of  the  |-in.  meter.  The  1-in.  meter  has  four  times  the  capacity 
of  the  |-in.  meter;  the  l|-in.  meter,  six  times;  the  2-in.  meter, 
ten  times;  the  3-in.  meter,  eighteen  times;  the  4-in.  meter,  thirty- 
six  times;  and  the  6-in.  meter,  sixty  times  the  capacity  of  the 
^-in.  meter.  Where  the  larger  meters  are  required,  the  dis- 
crepancy, it  will  be  noted,  is  not  so  great,  but  the  difference  be- 
tween the  capacitj^  of  the  |-in.  meter  and  the  f-in.  meter  is  so 
great  proportionately  as  to  tend  toward  injustice  if  the  capacity 
of  these  smaller  meters  is  taken  as  a  direct  and  definite  measure- 
ment of  the  demand.  For  the  purposes,  however,  of  this  dis- 
cussion, and  in  order  to  obtain  a  basis  for  calculating  the  demand,  I 
have  adopted  the  term  ''  demand  unit,"  using  the  rated  capacity 
of  a  f-in.  meter  as  one  demand  unit.  The  rated  capacity"  in  de- 
mand units  of  each  size  of  meter  is  shown  by  the  following  Table  2. 

TABLE  2. 

Computation  of  "  Demand  Unit." 


Size  of  meter,  inches    . 

1 

2 

3 

4 

1 

n 

2 

3 

4 

6 

Rated  capacity     .    .    . 

1.5 

30 

60 

90 

1.50 

270 

540 

900 

*  Ratio  of  capacity  .    . 

1 

2 

4 

6 

10 

18 

36 

60 

In  1911  there  were  approximately  1  905  meters,  and,  based 
on  the  above  method  of  calculating  the  demand,  the  following 
Table  3  has  been  arranged  to  show  the  total  number  of  "  demand 
units  "  as  measured  by  the  number  of  meters  then  in  use  by  the 
company. 

TABLE  3. 


Size. 

Number. 

Demand 
Unit. 

Total 
Demand 
Unit. 

1 

2 

1617 

1 

1617 

3 

4 

209 

2 

418 

1 

48 

4 

192 

n 

20 

6 

120 

2 

10 

10 

100 

3 

0 

18 

0 

4 

0 

36 

0 

6 

1 

60 

60 

1905 

2  507 

*  Using  rated  capacity  of  J-in.  meter  as    the    "  unit   of   demand,"  the   "  demand   unit  " 
value  for  each  size  of  meter  is  .shown  in  line. 
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If  the  computations  in  Table  1  are  on  a  correct  basis,  each  cus- 
tomer found  on  the  books  of  the  company  should  pay  $2.22  per 
annum.  Each  customer  with  a  |-in.  meter  should  pay  $12.06; 
each  customer  with  a  f-in.  meter  will  pay  $24.12,  and  the  amount 
which  each  customer  wall  pay  for  the  second  class  of  expenses  will 
be  as  shown  in  Table  4,  the  amount  paid  to  be  determined  by  the 
size  of  the  meter  used  in  measuring  the  water  supplied. 

TABLE  4. 

Size  of  Meter.  Amount 

Inches.  to  be  Paid. 

1  $12.06 

f  24.12 

1  48.24 

U 72.36 

2" 120.60 

3  217.08 

4  434.16 

6 723.60 

For  the  two  payments  already  made,  the  customer  would  re- 
ceive no  water.  These  first  two  charges  are  to  cover  (1)  costs  of 
billing,  meter  reading,  accounting,  etc.;  (2)  maintenance  costs, 
including  interest  and  depreciation  upon  the  quota  of  plant  and 
mains  installed  and  kept  at  all  times  in  readiness  to  supply  the 
respective  water-takers.  A  study  of  Table  1  will  make  this  clear. 
Water  used,  that  is,  the  pumping  cost  of  water  used,  would  be 
charged  for  in  addition,  at  the  rate  of  7.2c  per  thousand  gallons. 
Such  a  method  of  charging  would  probably  result  in  a  more 
equitable  distril^ution  of  the  costs  over  the  customers  who  cause 
them. 

Systems  of  rates,  however,  made  up  on  this  plan  are  frequently 
misunderstood  by  the  great  majority  of  small  customers,  and  for 
that  reason,  rate  experts  have  been  reluctant  in  recommending 
their  use.  It  should  l^e  noted,  however,  that  there  is  a  growing 
tendency  on  the  part  of  both  privately  operated  utilities  and  those 
operated  by  municipalities,  to  arrange  the  rate  schedules  so  as, 
to  more  equitably  distribute  the  costs. 

The  City  of  London  recently  adopted  a  schedule  of  rates  based 
on  the  principles  explained  above,  in  connection  with  its  electric 
lighting  service.     A  large  number  of  electric  lighting  companies, 
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and  a  somewhat  smaller  number  of  gas  companies,  in  this  country 
sell  their  product  in  accordance  with  a  schedule  made  up  in  line 
with  the  methods  referred  to  above.  I  do  not  know  of  any  water- 
service  schedules  made  up  in  the  form  which  I  have  explained 
above. 

I  discussed  this  matter  a  few  days  ago  with  Mr.  Cuddeback, 
another  member  of  our  committee,  and  he  asked  me  flatly  if  I 
would  try  to  impose  such  a  schedule  on  any  of  the  companies  in 
New  Jersey,  and  in  answer  I  read  to  him  an  extract  from  a  report 
on  this  matter  which  I  made  to  the  New  Jersey  Commission  moi,'e 
than  two  years  ago. 

"  In  a  situation  such  as  existed  in  the  town  referred  to,  which 
was  a  seashore  resort,  where  the  method  of  computing  minimum 
charges  had  already  led  to  a  feeling  on  the  part  of  many  customers 
that  a  minimum  charge  is  not  justified  under  any  circumstances, 
it  appeared  that  the  puljlic  would  not  perhaps  sufficiently  appre- 
ciate the  complexities  of  such  a  rate  schedule  as  to  warrant  an 
introduction  of  a  schedule  rigidly  based  on  the  principles  explained 
above.  Nevertheless,  the  considerations  adduced  above  led  to 
the  conclusion  that  there  ought  to  be  a  minimum  charge  graduated 
with  reference  to  size  of  meter  and  size  of  service  used  in  connection 
with  each  customer." 

Mr.  ]Morris  Know^les  *  {by  letter).  The  committee  deserves 
much  credit  for  calling  attention  to  the  fundamental  factors  which 
should  govern  the  making  of  rate  schedules.  We  may  expect  in 
the  near  future  that  there  maj^  be  a  substantial  agreement  on 
many  of  the  perplexing  problems  affecting  the  fair  value  and  a 
fair  gross  return  for  a  pubhc  utilit^^  It  is  necessary  to  remember, 
however,  that  such  determination  is  a  preliminary  step,  only,  to 
the  distribution  of  expense  among  all  the  rate  payers,  by  just  and 
equitable  charges. 

Owing  to  the  difficulty  of  recognizing  inequalities  in  rate 
schedules,  there  has  not  been  so  much  study  given  to  this  por- 
tion of  the  general  problem  of  valuation  and  rate  making.  And 
yet  all  who  give  the  matter  thought  must  recognize  it  as  one  of 
the  most  important  and  complex  portions  of  that  problem. 

Our  attention  has  been  called  to  the  old-time  slide  in  rate 

*  Consultin>r  Enjiinepr,  Pittsburgh.  Pa. 
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schedules  (frequently  saw-tooth  in  construction),  and  more  often 
a  relic  of  some  past  copying  from  a  schedule  elsewhere  in  use  and 
without  any  consideration  of  the  propriety  of  application  in  a 
given  case.  It  is  important  that  we  should  understand  that  with 
a  proper  service  charge  (and  the  writer  heartily  agrees  that  this 
is  the  correct  method  of  establishing  a  rate  for  the  "  Stand-Ready 
Service  ")  then  there  is  no  particular  advantage  in  the  slide  and 
there  may  be  some  positive  disadvantages. 

The  writer  would  go  further  than  the  committee  and  suggest 
that  in  most  cases  there  is  no  need  of  an  intermediate  rate  but 
that  there  be  two  only;  one,  the  standard  general  rate  per  unit 
of  measurement,  and  another  so  low,  if  necessary,  that  the  actual 
active  costs  of  service  only  are  met.  The  latter  figure  the  writer 
chooses  to  call  the  "  out-of-pocket  cost,"  viz.,  that  figure  which  if 
service  were  given  at  any  less  there  would  be  a  direct  monetary 
loss  because  of  not  meeting  actual  operating  expenses  in  proportion 
to  quantity  supplied. 

It  is  this  low  rate,  or  "  out-of-pocket  cost,"  which  the  writer 
would  particularly  like  to  emphasize  and  to  show  the  fallacy  of  the 
ofttime  repeated  assertion  that  such  low  rates  constitute  discrimi- 
nation. He  would  also  suggest  that  there  are  several  reasons, 
in  addition  to  those  stated  at  the  last  paragraph  on  page  202  *  et 
seq.  for  the  use  of  a  low  charge  in  a  sliding  scale  of  equitable  rates, 
and  further  that  such  smallest  takers  "7nay  even  be  profitable  \o 
the  system  at  low  rates." 

First,  we  may  ask  ourselves  what  are  equitable  rates,  and, 
assuming  that  we  have  disposed  of  the  question  of  fair  value 
and  reasonable  return,  w^e  may  define: 

"  Equitable  rates  are  such  as  will  assess  the  proper  gross  income 
upon  consumers  without  discrimination,  and  with  due  regard  for 
the  public  interest." 

"  Discrimination  "  is  defined  "  differential  treatment,"  and 
the  literal  application  would  seem  to  require  that  rates  "  without 
discrimination  "  should  be  based  strictly  on  cost  of  service,  with- 
out differential  treatment  according  to  amount  of  use,  hours  of 
use,  kind  of  use,  or  any  other  distinction.     It  has  been  repeatedly 

*  Journal  N.  E.  W.  W.  A..  Vol.  28  (1914). 
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decided,  however,  that  this  term  does  not  preclude  the  classi- 
fication of  consumers  and  differential  treatment  of  the  classes,  on 
any  reasonable  basis.  Some  extension  must  therefore  be  given 
to  the  literal  meaning  of  the  term,  in  order  to  make  it  workable, 
and  while  it  has  not  been  clearly  formulated  bj'^  the  authorities, 
the  "  rule  of  reason  "  would  appear  to  require  that  discrimination 
be  defined  as  "  differential  treatment,  except  in  so  far  as  public 
interest  requires." 

Pursuing  this  line  of  thought  a  step  further,  we  may  come  to 
the  conclusion  that  there  are  but  two  grounds  on  which  "  public 
interest"  may  require  differential  treatment  of  consumers: 

First,  in  order  to  secure  some  contribution  to  the  public  welfare 
—  a  method  of  indirect  taxation  of  those  against  whom  the  differ- 
ential treatment  militates. 

Second,  in  order  to  lower  the  cost  to  other  consumers  by  re- 
taining or  securing  custom  which  would  otherwise  be  lost. 

Some  will  no  doubt  contend  that  "  with  due  regard  for  the 
pubhc  interest  "  has  reference  to  the  general  welfare  in  such  a 
way  as  to  justify  the  lowering  of  rates  on  certain  necessities  to 
certain  consumers,  even  to  below  cost,  for  the  sake  of  extending 
the  benefit  connected  with  their  use,  or  in  order  to  encourage 
business,  or  for  some  similar  reason.  The  argument  appears  to 
be  that,  while  such  steps  have  the  effect  of  saddling  a  disproportion- 
ate share  of  the  expense  upon  other  services,  or  upon  other  con- 
sumers, it  is  nevertheless  justifiable  as  a  kind  of  indirect  tax,  and 
as  in  the  public  interest. 

The  writer  sees  no  force  in  these  arguments  as  ai^plicd  to  rate 
making.  Indirect  taxation  is  a  useful  part  of  our  system  of  rais- 
ing governmental  revenue,  but  it  should  not  take  the  place  of 
actual  governmental  appropriation  as  a  method  of  subsidizing 
any  industry  or  service,  no  matter  how  desirable  the  encourage- 
ment of  the  latter  is  from  the  point  of  view  of  public  welfare. 

There  remains,  then,  only  the  second  basis  as  a  proper  reason 
for  differential  treatment  of  consumers  —  in  order  to  lower  the 
cost  to  other  consumers  by  retaining  custom  which  would  other- 
wise be  lost.  How  this  works  out  may  be  very  readily  explained. 
Assume  a  small  water  works  with  a  gross  income  of  S35  000,  which 
must  be  collected  when  it  is  supplying  1  000  000  gal.  i)er  day. 
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Now  suppose  one  larger  consumer,  using  100  000  gal.  per  day  and 
paying  $3  500  per  year,  should  find  that  he  could  secure  water 
elsewhere  at  a  cost  of  $2  500  per  year,  and  should  disconnect  from 
the  mains.  The  amount  supplied  would  drop  to  900  000  gal.  per 
day;  but  interest,  depreciation,  and  maintenance  would  remain 
practically  the  same;  it  would  still  l^e  necessary  to  have  the  same 
number  of  engineers  and  firemen ;  and  the  only  saving  would  be  the 
small  amount  on  fuel,  coagulant,  oil  and  waste,  etc.,  which  would  cer- 
tainly not  l^e  in  excess  of  one  thousand  dollars  per  year,  and  would 
probably  be  a  great  deal  less.  So  that  the  gross  income  to  be  raised 
might  be  reduced  to  say  $34  000,  all  of  which  would  have  to  be 
raised  from  other  consumers.  Now,  if  other  conditions  remained 
the  same,  and  the  rate  for  the  large  consumer  were  reduced  so  as  to 
just  hold  his  custom,  when  paying  $2  500  per  year,  the  total  gross 
income  would  still  be  $35  000,  and  the  portion  to  be  raised  from 
consumers  other  than  the  large  one  would  be  $32  500,  or  $1  500 
less  than  in  other  cases.  Their  rates  could,  of  course,  be  cor- 
respondingly lower  than  would  be  necessary  if  the  large  consumer 
were  lost.  The  advantage  of  such  an  arrangement  to  the  con- 
sumers is  obvious,  and  such  differential  treatment,  if  necessary  to 
secure  this  advantage,  would  not  only  constitute  discrimination, 
as  has  been  defined,  but  would  appear  to  be  a  plain  duty  of  the 
water  works  as  a  public  utility. 

In  brief,  it  is  to  the  advantage  of  all  consumers  that  large,  long- 
hour,  high  load-factor  consumers  be  retained.  Differential  treat- 
ment of  them  does  not  constitute  discrimination,  so  long  as  it  will 
result  in  advantage  and  saving  to  other  consumers.  Such  con- 
cessions in  rates,  however,  must  not  be  greater  than  actually 
necessary  to  meet  the  competition  of  other  sources  of  supply. 
And,  in  any  case,  they  must  not  be  so  great  as  to  increase  instead 
of  decrease  the  income  to  be  collected  from  other  consumers. 
Thus  in  the  case  cited  above,  if  it  were  possible  to  get  the  business 
at  $2  500,  any  rate  less  than  that  sum  would  constitute  discrimi- 
nation. While  if  it  were  really  necessary  in  order  to  meet  com- 
petition, any  rate  greater  than  $1  000  per  year  would  effect  some 
saving  for  other  consumers,  and  would  be  justifiable.  A  rate  less 
than  $1  000,  however,  would  make  the  amount  to  be  collected  from 
other  consumers  greater  than  if  the  large  consumer  ceased  entirely 
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to  take  service.  This  would  certainly  be  discrimination  under 
our  definition. 

The  lower  limit  (SI  000  in  the  above  case)  below  which  rate  con- 
cessions cannot  be  made,  even  if  necessary  to  secure  business,  with- 
out constituting  discrimination,  and  which  represents  the  actual 
expense  which  would  be  saved  if  the  consumer  in  question  were 
disconnected,  the  writer  calls  the  ''  out-of-pocket-cost,"  and  its 
distribution  over  the  quantity  used  by  such  consumer  produces 
the  rate  to  charge  per  unit  of  measurement.  It  has  been  found 
not  only  useful  for  fixing  the  lower  limit  of  the  proper  total  annual 
charge,  but  also  in  framing  rate  schedules. 

As  an  illustration  of  how  such  lowered  rate  may  be  determined, 
the  following  may  be  of  help.  The  cost  of  supplying  water  may 
be  said  to  be  made  up,  in  the  first  analysis,  of  the  "  cost-of- 
readiness-to-serve,"  or  costs  which  result  from  providing  the  plant 
and  standing  ready  to  serve  and  which  are  wholly  independent  of 
the  amount  of  water  supplied;  and  "  output  costs,"  which  result 
from  operating  the  plant,  and  which  vary  more  or  less  closely 
with  the  amount  of  water  supplied. 

The  "  cost-of-readiness-to-serve  "  may  be  further  subdivided 
into  "  capacity-cost,"  of  which  interest  is  the  best  example,  which 
varies  directly  as  the  capacity  of  the  plant,  and  may  equitably  be 
distributed  to  consumers  in  proportion  to  their  demands,  which 
together  require  this  capacity;  and  the  "service-cost,"  which 
varies  with  the  number  of  services,  and  may  equitably  be  assessed 
equally  upon  all  services.  Meter  reading,  liilling  and  collecting 
are  typical  of  this. 

Similarly,  the  "  output-cost  "  may  be  divided  into  two  parts, 
the  "  out-of-pocket-cost,"  defined  as  above,  and  including  all  ex- 
penses for  materials  and  labor  used  in  small  units  and  varying 
closely  with  the  consumption,  such  as  coal  and  alum;  and  the 
"  remaining-output-cost,"  which  includes  expenses  occurring  in 
large  units  and  varying  somewhat  with,  but  not  directly  as  the 
consumption.  Typical  of  these  are  the  wages  of  pumping 
engineers  and  firemen. 

In  computing  a  rate  schedule,  it  seems  reasonable  to  divide  the 
gross  income  into  these  four  parts.  The  first  two  included  in 
"  cost-of-readiness-to-serve,"  the  committee  has  properly  placed 
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in  the  ''  service-charge."  If  no  differential  treatment  were  neces- 
sary, all  the  remaining  costs  would  then  be  assessed  by  a  uniform 
meter  rate,  obtained  by  dividing  the  total  "  output-cost  "  by  the 
total  annual  metered  sale  of  water.  Differential  treatment,  in 
order  to  secure  the  business  of  favorable  consumers  who  would  not 
take  water  under  these  circumstances,  might  then  be  effected  by 
relieving  such  consumers  either  of  a  portion  or  all  of  the  "  service- 
charge,"  or  of  a  portion  or  all  of  the  "  remaining-output-cost,"  or 
of  a  portion  or  all  of  both.  But  it  happens  that  the  "  service- 
charge,"  so  calculated,  is  ordinarily  a  small  part  of  the  cost  of 
water  to  the  large,  long-hour,  high-load-factor  consumer,  to 
whom  concessions  must  be  made.  Moreover,  it  would  unduly 
complicate  rate  schedule  computations  to  attempt  to  divide  the 
necessary  concession  between  the  "  service-charge "  and  the 
"  meter-charge,"  and  the  writer  has  not,  in  his  experience,  met 
with  any  such  case  in  which  the  possible  concession  in  the  meter 
rate  was  not  sufficient  or  more  than  sufficient  to  get  the  business. 

Conceivably  it  might  be  possible  to  classify  consumers  into 
groups  by  quantity  used,  location,  or  whatever  reasonable  basis 
made  differential  treatment  necessary,  determining  for  each  group 
the  cost  of  an  alternative  supply  to  which  they  would  turn  if 
concession  were  not  made,  and  fixing  in  this  way  the  extent  to 
which  it  would  be  necessary  and  proper  to  relieve  each  group  of  a 
portion  of  the  charge.  But  ordinarily  this  would  be  difficult  or 
impossible  and  unnecessary,  and  it  will  usually  be  preferable  to 
group  all  such  large  consumers,  whose  loss  is  threatened,  into  one 
classification,  determining  the  extent  to  which  it  will  be  necessary 
to  relieve  the  consumer  most  favorably  situated  with  respect  to 
an  alternative  supply,  and  either  apply  his  rate  to  all  large  con- 
sumers, or,  if  he  is  very  large,  then  apply  a  midway  rate  to  others 
somewhat  smaller  in  capacity. 

Such  computations  cannot,  of  course,  be  established  as  theoreti- 
cally precise,  but  improved  accounting  and  good  judgment  will 
lead  to  results  in  which  confidence  may  be  placed  as  closely  approx- 
imating the  ideal. 

There  is  one  more  thought  which  the  writer  would  like  to  bring 
for  consideration  as  a  practical  human  factor,  and  that  is  that  the 
"  service-charge,"    or    "  minimum-charge  "    as    it    sometimes    is 
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called,  for  the  |-in.  meters  should  include  the  cost  of  2  500  gal. 
per  month,  or  some  such  reasonable  amount.  This  will  not  place 
out  of  balance  the  apparent  uniformity  of  increase  in  "  service- 
charge,"  and  will  forestall  any  possible  criticism  that  metering 
will  cause  the  small  householder  to  be  unduly  frugal  and  that  the 
use  of  water  by  the  poor  might  be  curtailed  to  a  point  below  the 
minimum  requirements  of  hygiene. 

Mr.  Coggeshall.  Mr.  Chairman,  I  want  to  say  in  corrobora- 
tion of  Mr.  Lockridge's  statement  about  the  municipal  buildings 
that  we  have  been  fortunate  in  the  last  five  years  in  having  meters 
installed.     In  our  city,  now,  every  service  is  a  metered  service. 

All  the  public  buildings  and  all  the  public  supphes  except  fire 
hydrants  and  sprinkler  supplies  are  metered,  and  each  depart- 
ment pays  from  its  own  fund  just  the  same  price  —  15  cents  a 
thousand  gallons  —  as  every  other  taker  does  in  the  city,  with 
the  exception  of  manufacturers;  they  have  a  rate  of  10  cents  a 
thousand  gallons.  One  schoolhouse,  formerly  using  —  or  mostly 
wasting  —  $3  500  worth  of  water  per  year,  when  no  charge  was 
made,  now  uses  about  $200  worth. 

Mr.  Charles  W.  Sherman.  There  is  one  point  in  the  com- 
mittee's report  which  I  am  inclined  to  wish  had  been  expressed  a 
little  differently.  That  is,  in  the  item  about  obtaining  the  service 
charge,  "  An  amount  which  will  represent  the  approximate  aver- 
age value  to  the  works  of  the  water  that  passes  a  domestic 
meter  without  being  registered." 

This  portion  of  the  "  service-charge,"  —  as  I  look  at  the  prob- 
lem, — what  this  third  part  of  the  service  charge  should  cover  is  the 
cost  to  the  system  of  the  water  unaccounted  for,  and  the  un- 
accounted-for water  isn't  by  any  means  all  going  through  the 
meters  withqut  being  registered.  I  admit,  of  course,  that  a  part 
of  it  is ;  and  it  may  be  that  the  result  arrived  at  by  the  committee 
is  substantially  what  would  be  reached  in  the  way  it  would  occur 
to  me.  But,  nevertheless,  the  fact  remains  that  the  leakage  from 
the  main  pipes  and  any  other  unaccounted  for  water  represents 
a  cost  to  the  works  which  must  be  divided  among  the  water  takers, 
and  which  ought  to  go  into  making  up  this  particular  part  of  the 
service  charge. 

The  matter  comes  home  to  me  especially  from  our  oxiiorience 
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in  Belmont  during  the  past  year.  We  have  succeeded  in  reducing 
the  unaccounted-for  water  from  approximately  33  per  cent,  to 
about  28  per  cent,  in  the  course  of  one  j^ear,  and  as  far  as  we  know 
that  reduction  is  substantially  all  in  small  leaks  in  the  main  pipes. 
It  means,  of  course,  a  great  deal  of  careful  work  on  the  part  of  the 
superintendent,  and  unceasing  vigilance  in  finding  and  stopping 
the  small  leaks.  But  there  is  no  reason  to  believe  that  the  saving 
is  due  in  any  appreciable  measure  to  greater  accuracy  in  the  meter- 
ing of  the  house  supplies.  For  those  who  do  not  know,  I  wall  say 
that  it  is  a  100  per  cent,  metered  town,  and  that  the  water  is 
metered  to  the  town  by  Venturi  meter;  all  of  the  water  used  is 
carefully  accounted  for.  There  is  practically  no  street  watering 
at  the  present  time,  on  account  of  oiling  the  streets.  The  water 
used  for  sewer  flushing  is  metered;  when  the  gang  goes  round  to 
flush  the  sewers,  the  water  department  puts  a  large  meter  on  the 
hose  with  which  they  do  the  flushing;  and  the  amount  of  water 
which  has  to  be  estimated  is  hardly  more  than  that  lost  by  filling 
new  pipes  and  flushing  dead  ends. 

■  Of  course  the  above  percentage  accounted  for  is  nothing  to 
boast  of.  I  quote  the  figures  merely  as  an  indication  of  the  im- 
portance of  main  pipe  leakage  as  compared  with  water  passing 
house  meters  without  registering. 

Mr.  D.  a.  Heffernan.*  Mr.  Sherman  has  spoken  about  the 
consumption  of  water  in  Belmont.  I  do  not  want  to  let  this 
opportunity  go  by  without  telling  the  conditions  in  the  town  of 
Milton.  The  town  of  Milton  is  one  hundred  per  cent,  metered. 
During  the  year  1914,  the  water  measured  — 

By  Venturi  meter  was -.    .    .    .     103  549  000  gal. 

By  Metropolitan  Avenue  meters 17  410  359  gal. 

Total      120  959  359  gal. 

Registration  of  house  meters 101  516  690  gal. 

Unaccounted  for,  or  waste 19  442  669  gal.,  or  16  per  cent. 

The  average  daily  consumption  is     ...    .  331  396  gal. 

Gallons  per  day  to  each  inhabitant  ....  38.6 

Gallons  per  day  to  each  consumer    ....  41 

Gallons  per  day  to  each  family 183 

Gallons  per  day  to  each  tap 188 

*  Superintendent  Water  Works,  Milton,  Mass. 
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We  have  about  fifty  miles  of  cast-iron  mains. 

Mr.  R.  D.  Chase.  I  would  like  to  submit  a  taljle  of  the  results 
in  Fall  River.  It  is  divided  into  the  various  items,  and  then  at 
the  end  the  amount  unaccounted  for,  which  runs  in  various  years 
from  about  14  to  16  per  cent. 

Per  Capita  Consumption  for  Various  Purposes,  1914. 


Purpose. 


Gallons 
per  Capita. 


Per  Cent,  of 
Total. 


Sold  —  Manufacturing  pui-poses. 

Sold  — •  Domestic  purposes 

Sohoolhouses 

Public  buildings 

Parks  and  cemeteries 

Street  watering 

Flushing  sewers 

Puddling  trenches 

Fires 


Maintenance  Water  Department. 
Overflow  waste  —  back  to  lake. . 
Unaccounted  for 


Total. 


13.20 

44.00 

-1.14 

2.81 

2.44 

5.65 

.94 

.65 

1.09 

8.45 

1.43 

15.20 


Based  on  population,  May  1,  1914,  122  231. 


IP 

a.- 

^  so 

.\mount. 
Gals. 

Sold  per 

Capita.       Per 

Cent,  of  to 

Total. 

-Amount  Unaccounted  For, 
per  Capita. 

Gals. 

Per  Cent,  of 
to  Total. 

1905 

4.40 

41.34 

24.65 

59.75 

6.46 

15.65 

1906 

4.47 

41.49 

24.79 

.59.80 

6.02 

14.62 

1907 

4.94 

43.93 

25.79 

.58.75 

7.. 56 

17.25 

1908 

4.96 

43.48 

27.25 

02.80 

6.26 

14.44 

1909 

5.34 

46.40 

25.00 

59.00 

5.84 

12.60 

1910 

5.20 

43.59 

25.90 

59.40 

5.04 

11.. 55 

1911 

5.17 

44.09 

26.30 

59.75 

6.24 

14.15 

1912 

5.33 

46.23 

28.19 

61.00 

4.97 

11.78 

1913 

5.63 

47.04 

28.10 

59.70 

5.62 

11.94 

1914 

5.96 

48.80 

27.95 

57.25 

7.41 

15.20 

Mr.  W.  C.  Tannatt,  Jr.     Mr.  Chairman,  there  do  not  .seem 
to  be  many  friends  of  the  fiat  raio,  but  after  hearing  the  discussion 


392        REPORT  OF  COMMITTEE  ON  METER  RATES. 

by  Mr.  Morris  Knowles  I  cannot  help  thinking  of  the  experience 
of  Easthampton.  We  went  after  the  big  business,  and  allowed 
a  rate  where  we  felt  we  were  making  the  cost  of  production.  The 
big  business  found  that  it  was  such  an  item  to  them  that  in  a  few 
years  that  class  of  construction  grew  so  that  the  system  had  to 
be  enlarged.  The  enlargement  practically  equaled  the  cost  of 
the  former  system,  and  when  we  attempted  to  charge  the  big 
consumers  at  the  mills  a  fair  proportion  of  the  cost  of  the  enlarge- 
ment we  lost  the  business.  I  can  see  where  a  system  that  has 
been  figured  with  a  large  factor  of  safety  can  very  well  go  at  the 
big  consumer  with  a  small  rate,  but  if  the  system  is  figured  any- 
where near  up  to  the  capacity  of  the  town,  it  is  a  question  to  me 
whether  they  have  a  right  to  do  it,  whether  it  will  be  policy. 

Mr.  Charles  N.  Taylor.*  The  minimum  rate  in  Wellesley 
is  $6  for  16  000  gal.  of  water,  or  37|  cents  per  thousand  gallons. 
Any  water  that  is  sold  or  used  beyond  this  amount  is  sold  at  the 
rate  of  25  cents  a  thousand  gallons,  whether  they  use  one  thousand 
or  one  hundred  thousand  gallons.  To  my  knowledge  the  town 
has  lost  only  one  customer  by  the  rate  being  too  high,  but  that 
was  a  very  good  customer.  If  the  town  had  that  customer  to-day 
it  would  be  receiving  more  than  $10  000  a  year  additional  revenue. 

The  point  which  interests  me  most  in  this  discussion  has  not 
been  touched  upon,  and  that  is  the  charge  for  water  to  summer 
residents  in  localities  that  are  occupied  only  about  four  months 
in  the  year.  If  water  is  metered  to  the  summer  takers,  unless 
there  is  a  minimum  price,  there  is  not  sufficient  revenue  to  pay 
the  interest  on  the  investment.  How  should  water  be  charged 
for  in  such  cases?  The  cost  of  laying  the  pipe  to  the  summer 
cottages  is  just  the  same  as  it  is  to  the  permanent  residences,  and 
pressure  has  to  be  maintained  in  the  pipes  the  year  round  in  order 
to  give  the  cottages  fire  protection.  The  investment  on  the  pump- 
ing machinery  and  the  standpipe  and  everything  is  just  the  same 
in  both  cases.  But  if  you  undertake  to  charge  the  summer  people 
the  same  price  for  the  use  of  the  water  for  a  few  months  that  you 
charge  for  a  year  you  are  called  a  robber  and  told  that  it  is  not  fair, 

Mr.  Heffernan.  In  the  town  of  Milton  we  have  a  minimum 
charge  of  $12  per  year,  and  if  people  go  away  in  the  summer  and 

*  Contracting  Engineer,  Welleslev,  Mass. 
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have  the  water  shut  off  in  the  street,  a  rebate  is  made,  providing 
the  water  is  shut  off  for  four  months,  the  minimum  charge  being 
pro  rata  from  the  time  the  water  was  turned  on. 

Mr.  Tannatt.  Mr.  Chairman,  that  would  do  ver}-  well  when 
only  a  few  go  awa.y,  but  where  more  than  two  thirds  of  the  people 
are  summer  visitors,  it  would  reduce  the  revenue  to  almost  nothing. 

Mr.  Henry  A.  Symonds.*  Mr.  Chairman,  I  would  hke  to  call 
the  Association's  attention  to  a  bill  before  the  legislature  at  this 
time  which  deals  with  this  particular  subject.     It  says: 

"  All  corporations  and  companies  engaged  in  the  distribution 
and  sale  of  water  in  this  commonwealth  and  occupying  the  public 
streets  with  their  mains  and  pipes  for  that  purpose  shall  not, 
where  water  is  supplied  for  domestic  service  to  a  consumer  for 
any  period  of  six  months  or  less  in  any  year,  charge  such  con- 
sumer a  sum  greater  than  one  half  its  annual  mininmm  rate  for 
like  services." 

I  think  that  while  this  speaks  purely  of  corporations  and  com- 
panies, there  are  represented  in  this  Association  a  large  number  of 
water  companies.  Whether  this  particular  policy  is  advisable 
for  both  public  and  private  water  works,  I  think  should  be  looked 
at  from  the  standpoint  that  what  is  fair  in  one  case  is  apt  to  be 
fair  in  the  other. 

In  regard  to  the  question  which  Mr.  Taylor  asked,  the  estab- 
lishing of  rates  in  shore  places  has  come  to  my  attention  a  number 
of  times,  where  there  was  purely  a  summer  population  and  where 
the  income  during  the  winter  months  was  almost  nothing.  The 
way  we  have  solved  it,  or  tried  to  solve  it,  has  simply  been  by 
charging  the  yearly  rate  for  those  places.  That  has  in  general 
been  satisfactory  after  the  matter  was  thoroughly  understood. 
Of  course,  aS  has  been  pointed  out,  the  full  investment  must  be 
made  in  order  to  take  care  of  that  service,  whether  it  is  for  three 
months  or  whether  it  is  for  twelve  months.  About  all  the  dif- 
ference it  makes  to  a  company  or  to  a  town  when  they  supply  a 
section  of  that  character  is  the  little  extra  fuel  required  for  pump- 
ing during  the  remaining  period.  The  same  organization  prac- 
tically has  to  be  maintained  right  through  the  whole  year.  In  a 
shore  place  every  one  who  comes  there  for  three  months  is  in- 

*  Boston,  Mass. 
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creasing  what  is  the  maximum  capacity  of  the  plant  or  the  demands 
on  the  plant,  and  it  seemed  to  us  that  while  there  is  a  certain 
point  of  view  where  it  is  a  fair  proposition,  from  the  company's 
or  the  town's  point  of  view  it  is  hard  to  see  how  to  get  round 
that  proposition  except  by  a  yearly  charge. 

Mr.  Cuddeback.*  It  seems  to  me  that  the  rates  suggested  by 
this  committee  are  particularly  applicable  to  a  case  of  just  this 
kind, '  where  there  is  a  service  charge  which  includes  no  use  for 
water.  That  service  charge  would  be  applicable  to  a  house 
whether  it  is  occupied  for  three  months,  four  months,  six  months, 
or  a  year,  and  then  a  charge  for  the  water  based  on  the  other 
expenses.  That  would  of  necessity  mean  a  meter  rate.  And 
then  there  should  be  a  charge  for  removing  and  resetting  the 
meter  to  take  care  of  that  expense. 

Mr.  Hazen.  Some  of  the  members  think  that  the  same  rate 
ought  to  be  paid  by  everybody,  and  by  the  schedules  that  they 
have  drawn  some  members  seem  to  think  that  there  ought  to  be 
fifty  points  of  slide ;  and  all  points  of  view  between  have  been 
expressed,  either  in  the  discussion  or  in  the  schedules.  The  com- 
mittee thought  that  a  compromise  perhaps  of  a  scale  with  three 
slides  was  the  best  to  adopt  at  this  time,  and  it  would  be  under- 
stood that  those  who  do  not  want  the  slide  are  at  perfect  liberty  to 
make  the  three  rates  the  same,  in  which  case  the  slide  disappears 
and  they  have  the  full  rate.  That  is  fully  provided  for  in  the  sched- 
ule. But  on  the  other  hand  the  committee  does  believe  that  there 
is  oftentimes  a  legitimate  difference,  an  actual  difference,  that  can- 
not be  overlooked,  between  the  conditions  of  service  to  small 
consumers  and  to  large  consumers,  and  that  the  sliding  scale  has 
an  inherent  reason  for  existing  and  it  cannot  be  altogether  pushed 
out  of  the  business  at  this  time. 

The  great  majority  of  consumers  come  under  the  domestic  rate 
in  the  proposed  schedule.  I  have  just  been  through  the  records 
of  a  smaller  plant  with  about  5  000  services,  and  in  them  I  find 
that  instead  of  the  92  per  cent,  that  Mr.  Lockridge  finds  in  Spring- 
field, fully  97  per  cent,  of  all  the  services  would  come  under  the 
domestic  rate,  and  of  the  rest  more  than  2  per  cent,  would  come 
under  the  intermediate,  and  only  a  small  part  of  1  per  cent,  under 

♦Engineer  and  Superintendent,  Passaic  Water  Company,  Paterson,  N.  J. 
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the  manufacturing.  But  notwithstanding  that,  the  20  services 
under  the  manufacturing  rate  take  35  per  cent,  of  the  water,  and 
so  what  you  are  going  to  do  with  these  few  services  is  a  verj^ 
important  condition. 

In  regard  to  Mr.  Sherman's  question  I  would  say  that  the  com- 
mittee did  not  take  the  matter  up  from  the  standpoint  that  he 
suggested,  but  they  did  take  it  up  from  the  standpoint  which 
they  stated.  The  question  of  the  unaccounted  water  in  the  system 
was  not  taken  up  by  the  committee  in  any  way.  It  is  a  perfectly 
proper  matter  to  take  up,  and  the  committee  probably  would  have 
taken  it  up  if  they  had  had  more  time  and  more  statistics,  but 
they  did  not  get  to  it. 

Mr.  Knowles'  and  Mr.  Betts'  discussions  run  along  something 
the  same  lines.  I  am  particularly  struck  by  Mr.  Knowles'  ex- 
pression for  this  less-than-cost  kind  of  services  which  he  thinks 
water-works  plants  ought  to  adopt  at  some  time,  and  I  am  inter- 
ested to  note  the  peculiarly  expressive  phrase  which  he  used  to 
express  it.  He  called  it  the  "  out-of-pocket  "  charge.  Now,  it  is 
the  first  time  that  I  ever  heard  of  any  one  who  wanted  to  get 
"  out-of-pocket  "  business.  As  far  as  I  know,  we  are  all  looking  for 
"  in-pocket  "  business.  I  think  the  expression  is  an  apt  one,  but 
if  it  were  applied  to  the  company  which  Mr.  Betts  gives  some 
statistics  of  in  New  Jersey,  and  if  that  company  —  which  I  think 
I  know  something  about,  if  I  am  not  mistaken  in  his  discussion 
of  it  —  could  develop  a  large  thriving  business  at  the  rates 
he  suggests,  I  do  not  think  anything  could  happen  to  i)ut  them 
into  bankruptcy  quicker.  Nevertheless,  it  is  an  interesting 
theoretical  discussion.  It  goes  to  show  that  all  sides  of  the  ques- 
tion have  to  be  considered.  When  a  plant  is  over-built  and  wants 
business,  it  is  in  one  condition,  and  consideration  of  those  condi- 
tions alone  would  result  in  one  schedule  of  rates.  When  it  has 
grown  pretty  nearly  up  to  capacity  and  needs  to  be  extended,  the 
conditions  are  different,  and  consideration  of  what  is  happening 
then  would  lead  to  an  entirely'  tliffcrent  scheme  of  rates. 

Now,  it  is  my  feeling  that  a  water  rate,  to  be  a  fair  rate  and  a 
good  rate,  ought  not  to  apply  to  either  of  those  extreme  conditions; 
it  ought  to  be  a  rate  that  will  work  year  in  and  year  out  and  at 
which  the  Inisincss  can  be  done  and  expenses  met,  and  —  in  the 
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case  of  companies,  at  least  —  a  reasonable  profit  earned.  With 
that  in  view  I  do  not  think  that  we  need  to  go  very  far  on  the 
out-of-pocket  rate  growth. 

There  is  one  matter  which  I  should  like  to  speak  of,  —  the  ques- 
tion of  gallons  or  cubic  feet.  I  think  you  can  help  us  on  that. 
There  is  a  very  good  discussion  here  which  I  will  read,  and  then  I 
am  going  to  ask  the  chairman  if  he  won't  take  an  informal  vote 
of  the  members  of  the  Association  present  as  to  their  preference 
between  gallons  and  cubic  feet.  And  after  that  it  is  my  thought 
—  after  this  meeting  is  perfected  —  that  your  committee  will  try 
to  digest  another  meeting  and  will  make  a  final  report  of  the 
schedule  which  they  will  recommend  to  the  Association  for  adop- 
tion, and  which  I  hope  will  be  in  shape  so  that  you  can  adopt 
it  and  that  it  will  aid  in  bringing  order  into  this  complicated 
matter. 

This  discussion  which  I  am  asked  to  read  is  from  Mr.  Schwabe.  * 

I  am  convinced  from  experience  that  gallons  in  dealing  with 
the  consumer  is  the  better  unit  to  use.  I  find  it  much  easier  to 
talk  with  a  consumer  on  his  water  consumption  in  gallons  than  in 
cubic  feet,  and  find  the  customers  have  greater  confidence  in 
meters  and  in  our  statements,  as  they  can  readily  check  up  their 
meter  readings  and  make  tests  themselves. 

The  public  buys  all  liquid  commodities  by  the  gallon  unit, 
which  is  a  point  in  favor  of  supplying  water  on  the  gallon  unit. 
Pumps,  standpipes,  etc.,  are  all  rated  on  gallon  capacity,  and  I 
firmly  believe  that  the  gallon  should  be  commonly  used  as  a 
unit  for  the  sale  of  water,  as  it  is  the  standard  unit  for  liquid 
measurement,  Avhile  a  cubic  foot  is  a  unit  of  volume  measurement 
irrespective  of  what  the  consistency  of  the  volume  is. 

The  argument  that  other  commodities,  such  as  gas  and  elec- 
tricity, are  measured  in  units  that  .arc  foreign  and  not  understood 
by  the  layman  is  no  excuse  for  using  such  a  unit  for  the  measure- 
ment of  water  when  there  is  a  better  and  commonly  understood 
unit  that  can  be  used. 

If  there  is  no  objection,  Mr.  Chairman,  I  think  it  would  be  well 
to  ask  a  rising  vote  on  the  preference  of  the  men  present  as  between 
gallons  and  cubic  feet. 

The  Chairman.     Mr.  Hazen  has  requested  that  the  gentlemen 


*  President  and  General  Manager  of  the  Thompsonville  Water  Company. 
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express  their  feeling  as  to  whether  the  meter  should  have  dials 
reading  in  cubic  feet  or  in  gallons.  All  those  in  favor  of  cubic 
feet  will  please  rise.  [Seventeen  members  rose.]  All  those  in 
favor  of  gallons  please  rise.     [Twenty-three  members  rose.] 

It  seems  that  most  of  the  members  are  in  favor  of  measurement 
by  gallons. 

Mr.  Walter  P.  Schw^A-BE.  Mr.  Chairman,  I  was  not  sure  that 
I  was  going  to  be  here,  and  that  is  the  reason  I  wrote  that  letter 
about  the  gallons  and  cubic  feet. 

I  want  to  sa}'  that  in  Thompsonville  we  are  just  going  over  to 
the  meter  system  of  charging,  and  it  might  be  of  some  value  for 
you  to  know  that  we  will  not  bill  less  than  tenths  of  a  thousand 
gallons;  in  other  words,  not  less  than  a  hundred  gallons. 

The  meters  are  equipped  with  a  straight  reading  register;  the 
zero  on  the  register  plate  and  the  figures  on  the  wheel  indicating 
tens  are  in  red,  the  balance  in  black.  Meter  readers  will  read 
the  black  figures  only.  These  figures  will  be  used  for  billing,  so 
many  thousands  and  hundred  gallons.  The  dials  with  red  figures 
are  only  necessary  for  test. 

Mr.  Francis  W.  Dean.  Mr.  Chairman,  in  regard  to  this  vote, 
while  the  result  is  interesting,  it  seems  to  me  that  there  are  so  few 
members  here  that  the  vote  really  does  not  mean  much.  Now, 
while  I  think  it  would  be  well  to  find  out  what  the  members  of  the 
Association  think,  I  feel  that  a  vote  should  be  taken  when  there 
are  more  people  here,  or  else  a  letter  ballot  be  obtained. 

As  for  me,  I  think  that  the  users  of  water  know  enough  about 
feet  to  know  what  a  cubic  foot  means.  That  quantity  of  water 
ought  to  be  pictured  on  the  imagination  of  a  person  just  as  thor- 
oughly as  a  gallon.     I  think  more  accurately  so. 

Mr.  F.  N.  Connet.  *  Mr.  Chairman,  twenty  years  ago  about 
90  per  cent,  of  the  orders  for  Venturi  meters  specified  "  cubic 
feet  "  graduations  for  the  counter  dials,  but  to-day  about  95  per 
cent,  specify  "  gallons  "  instead.  I  am  referring  to  meters  for 
municipal  water  works  only,  l)ecausc  ''  cubic  feet  "  are  universallj^ 
used  for  large  meters  for  water  supplied  to  turbines  and  for  irri- 
gation purposes. 

The  Chairman.     I  take  it  that  this  is  an  informal  vote,  a  sort 

*  Chief  Engineer,  Builders  Iron  Foundry. 
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of  index  for  the  committee.  I  may  say  that  I  have  seen  at  times 
mild  amazement  on  a  consumer's  face  when  objecting  to  paying 
15  cents  per  hundred  cubic  feet.  He  cannot  seem  to  understand 
or  grasp  what  a  hundred  cubic  feet  is,  and  mentally  he  tries  to 
figure  it  out.  At  times  the  cubic  foot  would  appear  as  foreign  to 
him  as  a  cubic  centimeter,  but  when  the  consumer  was  told  that 
a  hundred  cubic  feet  was  equivalent  to  750  gal.,  he  certainly  looked 
amazed  and  relieved.  The  ordinary  water  taker  who  keeps  tabs 
on  his  water  bill  does  not  understand  the  unit  cubic  foot  or  have 
any  conception  of  its  equivalent  in  gallons. 

Mr.  Caleb  M.  Saville.  The  results  of  the  studies  of  this 
committee  are  a  most  valuable  addition  to  the  literature  of  water- 
works operation,  and  this  Association  is  to  be  congratulated  in 
having  members  of  such  high  professional  standing  who  are  willing 
to  give  of  their  time  and  experience  for  the  preparation  of  such  an 
important  subject. 

In  spite  of  the  fact  that  I  seconded  the  move  to  accept  this  re- 
port at  the  last  meeting  of  this  Association,  I  am  very  glad  that 
final  action  was  postponed.  On  more  careful  consideration  of 
its  provision,  it  seems  to  me  that  the  report  does  not  fully  recog- 
nize some  conditions  which  are  very  important. 

Many  service  connections  are  made  entirely  for  "  ready-to- 
serve  "  purposes,  and  comparatively  little  water  is  used. 

With  the  high  meter  rate  and  low  service  charge,  this  class  of 
consumer  is  not  paying  its  share  of  the  water  department  expense. 
In  other  words,  the  constant  consumer  is  paying  for  the  protec- 
tion of  the  chance  customer. 

The  arbitrary  separation  of  service  charges  into  three  divisions, 
it  seems  to  me,  does  not  allow  that  elasticity  in  making  rates  which 
can  apph'  immediately  to  the  small  domestic  consumer  on  the  one 
hand  and  the  large  manufacturing  establishment  on  the  other. 

Local  conditions  vary  so  greatly  that  it  appears  unwise  for  this 
Association  to  go  on  record  as  absolutely  being  in  favor  of  the 
adoption  of  any  particular  rate  scale  without  more  information 
before  it  as  to  other  scales  that  might  be  of  advantage  under  cer- 
tain circumstances.  If  it  is  practicable,  I  would  like  to  see  in  the 
summary  of  a  report  reference  at  least  to  several  variations  of 
assessing  meter  rates  which  might  be  adaptable  to  local  conditions. 
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I  believe  that  a  hard-and-fast  standard  is  not  practical  of  appli- 
cation to  the  needs  of  all  water  departments.  For  example,  it 
seems  to  me  that  the  schedule  proposed  might  not  appl}^  to  a 
small  sj^stem  when  all  of  the  consumers  except  one  are  "  for  do- 
mestic purposes  "  and  the  exception  is  a  large  manufacturing 
plant  which  has  its  own  supply  for  ordinary  occasions,  but  uses 
its  public  supply  only  as  an  auxiliary  to  keep  down  its  fire  in- 
surance rates. 

Such  cases  are  not  at  all  uncommon,  and,  due  to  the  require- 
ments for  fire  protection,  a  large  burden  is  put  on  the  water  de- 
partment without  adequate  return  under  the  schedule  here  recom- 
mended. 

It  is  recognized  that  it  is  almost  impossible  to  draft  a  schedule 
that  will  be  of  universal  application.  In  its  preluninary  report 
the  impracticability  of  strict  adherence  to  the  proposed  schedule 
was  met  by  the  statement  that  the  schedule  proposed  was  an 
"  ideal  one  to  be  worked  toward."  Personally,  I  would  not  like 
to  see  this  Association  accept  the  recommendation  of  this  com- 
mittee as  the  ideal  without  further  discussion. 

Mr.  a.  E.  Walden  {by  letter).  AVould  it  not  be  better,  before 
a  final  decision  is  reached  on  this  subject,  to  submit  tabulated 
figures  as  to  the  water  rates  obtained  from  the  various  companies, 
together  with  a  rough  outline  of  their  systems;  that  is  to  say,  a 
brief  statement  as  to  whether  they  are  purely  gravity  supplies  or 
are  being  pumped  either  by  water  or  steam,  and  whether  or  not 
all  the  supplies  are  filtered,  together  with  pressures  carried.  It 
would  seem  that  this  would  allow  the  various  companies  interested 
to  form  some  conclusions  as  to  what  rates  were  fair  as  between  the 
various  companies  and  systems. 

Discussion  at  Meeting  of  March,  1916. 

Mr.  Caleb  M.  Saville.  I  would  like,  Mr.  President,  to  move 
that  this  matter  be  postponed  for  further  discussion,  or  be  post- 
poned before  being  finally  accepted,  until  the  first  fall  meeting;  and 
that  the  committee  be  asked  if  they  will  submit  such  other  methods 
of  assessing  rates  as  the}'  had  under  consideration  when  they 
proposed  this  one. 
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The  President.     You  have  heard  Mr.  Saville's  motion. 

A  Member.     Second  the  motion. 

The  President.     It  is  now  open  for  discussion. 

Mr.  H.  V.  Macksey.*  Mr.  President,  if  you  were  confining 
the  discussion  strictly  to  the  motion  before  the  house,  I  should 
oppose  the  motion;  because  as  it  was  put,  it  seems  to  me  to 
defeat  the  main  object  of  bringing  this  question  up  to-day;  it 
was  cutting  off  discussion  by  the  members.  It  appears  that 
what  has  been  going  on  —  a  free  discussion  of  the  report  of  the 
committee  —  should  be  encouraged ;  and  after  that  it  is  proper 
to  hand  the  report  back  to  the  committee  and  let  it  consider  our 
view  of  its  action  and  possibly  it  may  then  decide  to  modify  the 
report. 

I  take  it  for  granted  that,  because  all  the  members  of  the 
committee  signed  the  report  and  there  is  no  minority  report,  all 
the  members  are  in  favor  of  it.  I  think  we  must  assume  that,  on 
the  facts  before  us.  And  while  I  do  not  agree  entirely  with  the 
report  of  the  committee  and  feel  that  the  gentleman  from  Holyoke 
has  the  right  idea,  —  that  we  should  sell  metered  water  at  a  flat 
rate,  —  I  doubt  if  it  is  practical  at  this  time  to  do  so  in  all  cities  as 
is  done  in  Holyoke.  There  is  a  tendency  in  all  cities  to  encourage 
the  manufacturer  by  giving  water  at  cost  or  less  than  cost,  and 
letting  the  little  fellow  pay  the  freight,  but  it  is  something  that  we 
should  oppose  at  all  times.  We  should  try  as  far  as  possible  to 
keep  the  rate  up  for  the  large  consumer,  and  give  the  same  rate  to 
the  small  consumer. 

There  is  a  point  that  I  believe  is  not  touched  upon  in  the  report 
of  the  committee;  that  is  the  fire  service,  the  service  for  fire  pro- 
tection only.  In  the  majority  of  cities  there  is  no  charge  at  all 
for  fire  service.  Water  departments  and  water  companies  should 
be  willing  to  help  in  a  great  emergency  like  a  fire,  and  do  so  without 
charge,  but,  if  we  are  attempting  to  run  municipal  water  works 
like  business  institutions  and  separate  from  all  other  municipal 
activities,  they  should  not  be  asked  to  supply  the  appurtenances 
for  that  free  service  without  charge,  as  is  being  done  in  many  cities. 
Some  consideration  should  be  given  to  fire  service  in  this  report. 

The  form  in  which  we  are  asked   to  report  is  excellent.     The 

*  Superintendent  Public  Works,  Woburn,  Mass. 
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ideas  which  the  committee  have  offered  in  regard  to  classifying 
services  and  charges  therefor  are  very  good.  I  hope  that  all  the 
members  present  will  voice  their  opinions  to-day,  and  that  after 
that  the  motion  before  the  honse  will  prevail.  If  the  membership 
gets  more  information  from  the  committee,  and  has  more  time  to 
think  it  over,  perhaps  in  the  fall  it  may  be  able  to  give  some 
assistance  to  the  conmiittee. 

]\Ir.  President,  may  I  be  allowed  one  word  more.  I  would 
like  to  say,  after  listening  to  the  last  speaker,  that  I  think  possibly 
his  view  is  limited.  In  the  little  city  that  I  am  connected  with  at 
the  present  time,  we  have  another  use  for  water.  I  refer  to  the 
truck  farm,  where  a  farmer  asks  for  a  2-in.  service.  At  times  he 
wants  much  water,  a  greater  part  of  the  time  he  wants  very  little 
water,  and  during  the  winter  practically  none.  Vie  are  carrying 
on  that  farm  business  for  him,  and  the  little  fellow  who  works  on 
the  street  is  asked  to  help  to  pay  to  carry  on  the  farmer's  work. 

It  is  the  old  view  that  the  water  department  must  help  the 
cit}^  as  a  whole;  if  it  is  able  to  extend  a  pipe,  never  mind  if  it  does 
not  bring  any  revenue  to  the  water  department,  —  think  of 
increase  in  valuation!  But  does  the  water  department  get  any 
of  that  increased  valuation?  No.  All  that  increase  in  valuation 
helps  the  mayor  to  decrease  the  tax  rate.  The  water-takers  as  a 
class  should  not  be  taxed  to  support  the  real-estate  owners  or  the 
manufacturers  as  a  class.  We  desire  a  square  deal,  as  they  do 
in  Holyoke. 

Mr.  Edw^ix  C.  Brooks.*  Mr.  President,  isn't  it  a  fact-  that 
large  industries  in  locating  their  plants  have  regard  to  the  labor 
market  more  particularly  than  to  the  cost  of  water;  and  does  an}' 
manufacturing  establishment  use  any  more  water  than  it  is  obliged 
to  in  its  business? 

Mr.  R.  C.  p.  Coggeshall.  Mr.  President,  Mr.  Macksey 
has  just  raised  the  question  that  I  was  on  the  point  of  introducing. 
Why  not  consider  the  introduction  of  a  charge  for  standing  ready 
to  deliver  on  the  s[)rinkler  service,  for  which  there  is  now  no 
charge?  It  seems  to  me  that  that  is  a  service  which  ought  to  be 
recognized. 

The    President.     Do    you    ask    that    question    of    me?      I 

*  Melrose,  Mass. 
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would  say  that  I  find  that  if  manufacturers  can  obtain  water 
from  any  other  source  than  the  water  department  they  will  do  so, 
—  if  they  believe  that  they  can  get  it  more  economically  that  way. 
That  brings  up  the  old  question  of  the  protection  of  the  primary 
water  supply  from  the  secondary  water  supplies.  I  can  say  also 
that  I  guess  the  water  question  would  not  bother  the  munition 
manufacturers  of  Holyoke  or  Bridgeport  at  the  present  time,  if 
they  could  get  help. 

Mr.  Coggeshall.  Mr.  President,  perhaps  a  little  resume  of 
what  has  happened  in  New  Bedford  may  in  a  way  answer  that 
question.  Previously  to  1909  the  rate  for  manufacturing  purposes 
was  ridiculously  low;  viz.,  2|  cents  per  thousand  gallons.  That 
rate  was  influenced  by  reason  of  the  bequest  of  Sylvia  Ann  How- 
land,  the  aunt  of  Hetty  Green,  who  gave  the  city  $100,000,  the 
income  of  which  was  to  be  used  in  encouraging  the  introduction  of 
manufacturing.  When  this  bequest  was  made,  the  city  was  small 
and  there  was  only  one  corporation  of  three  mills  located  there. 
You  are  all  witnesses  to  the  fact  that  New  Bedford  has  now  grown 
to  be  one  of  the  largest  textile  manufacturing  centers  in  the 
country. 

In  1909  we  were  influenced  by  the  example  of  Holyoke;  all 
schedule  rates  of  every  kind  were  discontinued  and  a  single  rate 
of  fifteen  cents  per  thousand  gallons  for  metered  water  was  sub- 
stituted for  every  use.  Then  came  the  argument  that  Sylvia 
Ann  Rowland  had  left  that  $100  000  to  encourage  the  introduction 
of  manufacturing;  and  on  the  strength  of  that  they  finally  deemed 
it  wise  to  place  the  manufacturing  rate  at  ten  cents,  leaving  the 
fifteen-cent  rate  for  all  other  purposes'.  The  manufacturers 
vigorously  protested  and  predicted  the  decline  of  New  Bedford's 
prosperity.  They  declared  that  the  ten-cent  rate  would  prohibit 
the  introduction  of  additional  mills.  This  has  not  proved  to  be 
true.  Many  new  mills  have  since  been  added;  there  are  three 
now  going  up.  And,  mark  you.  New  Bedford  is  about  the  only 
large  manufacturing  city  that  does  not  have  a  secondary  supply 
of  fresh  water  aside  from  the  city  water.  Every  mill  there  has 
got  to  take  every  drop  of  water  from  the  city  of  New  Bedford. 

Mr.   Frank  A.  Barbour.*     Mr.   President,   in   recommitting 

*  Consulting  Engineer,  Boston. 
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this  report,  I  believe  it  would  be  well  to  suggest  to  the  coiiiniittee 
that,  since  its  final  report  will  stand  as  the  expression  of  the  present 
position  of  this  Association  in  regard  to  meter  rates,  it  should 
include  more  definite  statements  of  the  conclusions  reached  in 
reference  to  a  "  flat  rate,"  and  the  feasibility  of  assessing  in  the 
ratio  of  frontage  or  valuation  a  part  of  the  cost  of  the  system. 

The  report  as  now  submitted  recommends  a  sliding  scale  of 
three  divisions  with  limited  amount  of  slide  —  the  manufacturing 
rate  to  be  very  seldom  less  than  one  half  the  domestic  rate.  In 
the  progress  report  of  1914,  a  reference  was  made  to  the  question 
of  a  flat  rate,  but  it  would  seem  that  this  Association,  if  it  desires 
to  lead,  should  more  definitely  express  its  conclusions  for  or  against 
a  flat  rate,  and  without  such  definite  treatment  of  this  phase  of  the 
problem,  it  is  doubtful  if  this  Association  should  put  its  seal  of 
approval  on  the  report  of  the  committee. 

Again  it  would  appear  that  the  cjuestion  as  to  the  advisability 
of  assessing  some  portion  of  the  cost  on  the  basis  of  frontage  or 
valuation  so  to  express  the  benefits  received  by  property  owners, 
regardless  of  the  actual  use  of  water,  has  not  been  as  well  developed 
as  might  be  the  case.  This  phase  of  the  subject  was  carefully 
considered  by  the  1905  committee,  and  should  be  more  definitely 
negatived  or  approved  in  the  present  study  of  the  problem. 

As  a  general  statement,  approximately  one  half  the  average 
water-works  plant  is  chargeable  to  the  provision  made  for  fire 
protection  —  the  benefits  from  which  arc  perhaps  more  nearly 
in  the  ratio  of  property  values  than  any  other  assessable  unit, 
and  have  little  or  no  relation  to  the  amount  of  water  consumed. 
The  law. in  Massachusetts  in  regiird  to  sewers  requires  that  at 
least  one  quarter  of  the  cost  shall  be  borne  by  the  town  or^city 
on  the  basis  of  valuation,  and  it  is  difficult  to  understand  the  loc;ic 
of  throwing  the  entire  cost  on  the  consumer  in  the  case  of  water 
works. 

It  may  l)e  that  a  flat  rate  is  not  generally  practica])le,  but  the 
recommendation  of  the  committee  that  higher  rates  may  be  prop- 
erly charged  in  the  higher  districts  to  meet  the  expense  of  the 
greater  pump  lift,  is  a  step  too  far  in  the  other  direction.  Where 
is  the  line  to  be  drawn,  and  why  not  chai-ge  more  in  those  districts 
where  the  trenches  are  in  rock,  tlian  in  those  wheiv  tlu^  pi-(>v;uliiig 
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material  is  earth?  Why  should  elevation  be  made  a  greater 
factor  in  determining  cost  than  the  character  of  the  ground 
encountered? 

The  last  word  of  this  Association  on  meter  rates  will  be  given 
great  weight  throughout  this  country,  and  the  final  report  of  the 
present  committee  should  consider  and  discuss,  in  the  broadest 
possible  manner,  all  moot  questions,  and  should  —  so  far  as  prac- 
ticable —  point  the  wa}^  towards  the  ideal,  and  this  without  too 
great  regard  for  present  methods. 

Mr.  Charles  W.  Sherman.*  Mr.  Barbour's  suggestion  of  the 
value  of  the  water-works  system  to  the  entire  community,  and 
the  portion  of  the  running  expenses  or  the  fixed  charges,  or  both, 
which  should  be  met  out  of  general  taxes,  is,  I  believe,  well  worthy 
of  consideration.  But  if  it  is  taken  up,  the  committee  must  also 
consider,  as  an  offset  against  it,  the  value  of  the  exemption  from 
taxes  which  a  municipally  owned  water  department  enjoys  in  every 
case  in  this  state  except  Holyoke,  if  I  am  not  mistaken,  and  prob- 
ably throughout  the  country.  We  hear  very  little  about  the 
value  of  this  exemption  from  taxes.  In  one  case  in  which  I  had 
occasion  to  make  approximate  figures,  a  short  time  ago,  I  was  sur- 
prised to  find  that  the  value  of  exemption  from  taxes  was  verj^ 
close  to  the  value  of  fire  protection. 

The  President.  If  this  motion  prevails,  Mr.  Sherman's 
suggestion,  and  Mr.  Barbour's  suggestion,  and  every  suggestion, 
will  be  written  out  and  forwarded  to  the  committee. 

Mr.  S.  H.  Mackenzie. t  Mr.  President,  I  agree  with  the 
gentleman  who  has  just  spoken.  I  believe  that  there  should  be 
a  charge  of  some  kind  for  fire  protection.  When  the  charge  is 
included  in  the  water  rates,  in  many  instances,  it  will  place  the 
burden  where  it  does  not  belong,  as  many  times  the  largest  con- 
sumers of  water  have  the  least  property  to  protect.  Value  has 
been  given,  and  the  property  benefited  should  stand  the  cost  in 
accordance  with  the  benefit  derived. 

The  one-rate  idea  is  certainly  fine,  and  should  be  our  ideal,  but 
there  are  a  great  many  local  conditions  which  prevent  its  adoption. 
There  is  no  doubt  that  many  of  the  old-time  complicated  rates 
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can  be  simplified  and  some  form  adopted  which  will  make  com- 
parison easy  and  the  keeping  of  records  less  complicated. 

When  considering  the  new  meter  rates,  the  service  or  ready-to- 
serve  charge  should  be  taken  into  account.  The  services  should 
be  paid  for  by  the  property  owners,  as  they  are  for  their  exclusive 
use.  The  ready-to-serve  charge  should  be  the  expense  less  proper 
deduction  for  fire  protection  which  is  incurred  whether  water 
is  consumed  or  not ;  but  at  the  present  time  it  does  not  seem  prac- 
tical to  put  the  whole  expense  under  that  head,  as  it  places  a  burden 
on  the  small  user,  so  that  it  seems  wiser  to  include  part  of  the  charge 
in  the  water  rate  and  in  that  way  divide  the  balance  of  the  expense 
in  accordance  with  the  water  consumed. 

Five  years  ago  our  department  at  Southington,  Conn.,  adopted 
practicall}^  the  system  of  rates  recommended  by  your  committee, 
except  that  the  service  charge  is  included  in  the  rate  for  the  first 
one  thousand  cubic  feet  of  water. 

Our  rates  are  as  follows:  |-in.  meter,  $0.50  per  quarter  and  in- 
crease according  to  size  of  meter;  ready-to-serve  charge,  $1.00 
per  quarter,  included  with  charge  for  first  1  000  cu.  ft.;  first  5  000 
cu.  ft.  at  $1.50  per  thousand;  next  95  000  cu.  ft.  at  $0.60  per 
thousand;  all  over  95  000  cu.  ft.  at  $0.40  per  thousand. 

The  above  has  proven  satisfactory,  although  I  believe  the  low 
rates  are  lower  than  we  can  afford  to  furnish  the  water  when  we 
have  to  increase  our  supply. 

If  we  adopt  the  single-rate  idea  just  reconnnendcd  \)y  our  friend 
from  Holyoke,  and  made  it  low  enough  so  our  factories  would  feel 
they  could  use  the  water,  it  would  materially  reduce  our  income 
and  would  be  below  what  we  could  furnish  our  small  consumers 
for,  as  we  have  an  average  of  about  145  ft.  of  main  to  each  service. 
Selling  our  surplus  water  to  the  factories  at  the  low  rates  men- 
tioned is  a  material  help  to  our  small  consumers.  It  does  not 
seem  to  me  that  the  postage-stamp  theory  applies  to  water  de- 
partments. We  all  pay  two  cents  each  for  postage  stamps, 
whether  we  Ijuy  one  or  a  thousand,  but  each  stamp  has  a  separate 
duty  to  perform.  It  does  not  make  any  difference  whether  it  is 
on  a  letter  mailed  by  me  or  on  one  of  a  thousand  mailed  by  a 
factory:  each  letter  is  handled  separately  and  delivered  to  a 
different  person,  and  therefore^  should  pay  tlu^  same  for  tlu^  service^; 
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but,  in  the  case  of  water,  10  cu.  ft.  a  day  is  delivered  to  my  house, 
while  a  factory  takes  2  000  cu.  ft.  through  a  pipe  of  the  same 
length  and  size  as  used  to  carry  the  10  cu.  ft.  It  certainly  would 
cost  much  more  to  deliver  and  collect  for  2  000  cu.  ft.  to  two 
hundred  consumers  than  to  one. 

I  certainly  appreciate  the  work  the  committee  has  done.  The 
chaos  under  which  meter  rates  have  been  struggling  is  giving  place 
to  light.  Let  us  have  a  little  more  free  discussion  before  coming 
to  a  final  report. 

Mr.  Morris  Knowles.*  Mr.  President,  I  did  not  at  first 
think  favorably  of  such  a  motion  to  postpone,  —  meaning  as  it 
does  postponing  until  the  autumn  meeting;  and  yet  I  now  find 
myself  in  this  position,  that  I  would  like  to  second  that  motion 
and  briefly  state  the  reasons. 

It  is  true  that  any  schedule  or  rule  is  capable  of  a  number  of 
different  applications.  The  committee  has  very  nicely  worked 
out  in  detail  one  thought;  it  is  not  the  only  thought  with  regard 
to  the  making  of  rate  schedules.  There  are  several  others  which 
are  receiving  attention  all  over  the  country  at  the  present  time. 
I  doubt  very  much  if  we  realize  here  in  this  room  how  a  report 
of  the  committee  of  the  New  England  Water  Works  Association 
is  taken  as  "  gospel  truth  "  even  in  other  parts  of  the  country 
remote  from  New  England;  and  if  it  should  appear  that  the  com- 
mittee had  not  presented  in  its  final  report  the  suggestions,  the 
recommendations,  the  arguments,  pro  and  con,  for  the  various 
methods,  before  finally  stating  the  conclusion  as  to  why  one 
method  was  desirable,  it  would  not  and  should  not  carry  the  kind 
of  weight  of  which  we  are  especially  proud. 

Then  again,  when  this  report  first  came  out,  in  September,  1914, 
discussion  was  requested;  some  written  communications  came  in, 
but  for  some  reasons  this  has  not  been  printed  —  it  is  not  before 
us  for  our  consideration  at  this  time.  Is  it  not  a  matter  for  the 
membership  at  large  to  decide,  whether  such  subject  should  be 
decided  without  all  the  information  before  us?  I  speak,  of  course, 
with  entire  respect  for  the  membership  of  the  committee.  It  is 
probable,  however,  that,  if  this  be  referred  to  the  committee  again, 
they  will  not  become  discouraged  and  think  we  are  turning  down 
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things  they  have  done,  but  will  atloi)t  the  suggestion  of  ^Ir. 
Saville  and  bring  to  us  the  arguments  pro  and  con  regarding  the 
various  kinds  of  schedules. 

I  myself  would  feel  very  strongly  that  an  amendment  of  this 
schedule  perhaps  might  be  adopted  at  this  meeting;  but  it  seems 
to  me  that  even  that  would  be  undesirable,  as  we  do  not  have  the 
information  before  us  that  has  been  suggested  in  the  discussions. 
There  are  other  things  that  are  being  thought  of  over  the  country. 
Therefore  I  do  join  in  the  second  to  the  motion  of  Mr.  Saville; 
and  hope  that  the  matter  will  go  over,  with  the  intent  that  the 
discussions  may  all  be  brought  before  us,  and  that  the  committee 
may  add  to  the  final  report  the  various  considerations  and  argu- 
ments bearing  upon  the  use  ot  different  schedules  in  different  places. 

Mr.  J.  M.  DivEN.*  There  can  be  no  question  about  private 
fire  services  being  of  value,  but  available  only  to  the  few;  so 
why  should  not  those  who  receive  the  benefits  pay  for  the  service? 
It  does  cost  the  water  works  something,  something  for  inspection 
and  something  for  "  readiness  to  serve."  The  benefits  are  reduced 
fire  risk  and  business  interruptions  from  fires  and  reduced  in- 
surance rates.  It  is  good  business  policy  to  encourage  factories 
and  to  give  them  every  reasonable  concession;  factories  help 
the  town  and  every  inhabitant,  and  they  are  entitled  to  lower 
water  rates;  but  should  pay  for  such  a  special  privilege  as  a  fire 
service  for  their  sole  benefit,  for  not  to  make  such  a  charge  would 
be  to  discriminate  against  the  water  takers  not  having  such 
special  protection. 

Mr.  Hugh  McLean. f  Mr.  President,  I  am  in  favor  of  the 
continuance  of  this  discussion  to  another  meeting.  We  want  to 
know  the  views  of  those  present  relative  to  the  proposition. 

It  seems  to  me  that  to  have  three  rates  is  the  opinion  of  this 
organization,  and  to  go  out  before  the  country  as  the  report  of  this 
organization  is  a  step  in  the  wrong  direction. 

I  have  related  before  my  experience  with  the  three  rates,  and 
that  I  think  they  work  an  injustice  to  the  small  consumer.  We 
set  out,  about  some  eight  or  nine  years  ago,  to  abolish  the  three 
rates  in  Holyoke;  and  we  established  one  fiat,  uniform  rate.     For 
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the  men's  names  that  are  attached  to  this  report  to  go  out  before 
the  country  and  to  say  that  it  is  their  opinion  that  three  rates 
is  the  best,  they  are  turning  away  from  the  average  thought  of 
equal  rights  to  all,  special  privilege  to  none.  When  we  assess 
the  valuations  of  a  city,  we  do  not  give  the  large  owner  a  special 
rate;  he  is  assessed  just  the  same  as  the  small  property  owner. 
Why  should  the  large  consumer  of  water  get  a  special  rate  of  five 
or  six  cents  a  thousand  gallons,  and  the  small  consumer  have  to 
pay  all  the  way  from  fifteen  to  twenty  cents  a  thousand  gallons? 
Wherein  is  that  justice?  Is  it  not  discrimination?  Is  it  not  con- 
trary to  the  advanced  thought  of  legislatures  and  government  of 
to-day,  —  that  equal  rights  and  special  privileges  to  none  shall 
prevail?  It  seems  to  me  that  the  minds  of  those  present  should 
be  expressed  on  this  subject,  and  that  if  we  are  going  to  recommend 
something  for  the  consideration  of  our  members  throughout  the 
country  it  ought  to  be  more  nearly  along  lines  of  equality. 

I  do  not  know  whether  or  not  this  is  a  unanimous  opinion  of 
the  gentlemen  who  have  studied  this  report,  or  whether  there  is  a 
division  amongst  them  as  to  the  wisdom  of  it.  But  personally  I 
have  felt  that  I  would  be  doing  an  injustice  to  myself  and  to  my 
colleagues  in  our  desire  to  perfect  a  rate,  if  I  did  not  voice  my  senti- 
ments. In  Holyoke  we  have  successfully  adopted  a  one  flat 
rate  to  all,  regardless  of  whether  they  use  a  thousand  or  a  million 
gallons,  and  it  is  working  splendidly.  Now,  wouldn't  it  be  better 
to  take  a  step  in  that  direction,  have  only  two  rates,  rather  than 
to  be  going  away  from  it  and  to  have  three?  Eventually  a  cry 
and  a  demand  will  be  made  that  the  small  user  is  entitled  to  water 
at  the  same  price  as  the  big  user,  because  water  departments  are 
established  primarily  for  the  benefit  of  the  small  users. 

I  do  not  want  to  be  classed  as  radical,  but,  nevertheless,  I  feel 
very  strongly  on  this  matter,  after  going  through  it  as  we  did  in 
Holyoke.  When  we  had  the  three  rates  it  was  a  vexing  problem 
all  the  time;  there  was  a  continual  demand  for  the  change  of  the 
rates,  and  our  Water  Board  worked  on  it  for  four  years,  till  we 
abolished  the  three  rates  and  took  two,  and  then  we  finally  abol- 
ished the  two  and  took  one.  It  seems  to  me  that  if  we  recommend 
this  report  to  the  country  we  are  taking  a  step  in  the  wrong 
direction. 
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In  regard  to  the  matter  of  charging  the  fire  department  for 
water,  we  have  a  flat  rate,  I  think,  of  eight  dollars  a  hydrant. 
We  charge  every  department  for  all  the  water  they  use,  and  we 
pay  a  tax  like  every  other  corporation. 

If  we  are  going  to  recommend  something,  it  seems  to  me  that 
we  ought  to  try  to  get  the  best.  The  United  States  Government 
does  not  have  three  rates;  if  you  buy  postage  stamps,  whether 
you  buy  one  or  two  or  a  thousand,  it  is  the  same  price.  Why  the 
fallacy  of  having  special  privileges  and  special  water  rates?  We 
are  advanced  beyond  that.  It  seems  to  me  that  a  step  in  the 
other  direction  is  the  step  that  we  men  who  meet  each  other  and 
study  those  problems  should  advance. 

Mr.  Coggeshall.  Well,  isn't  it  a  fact  that  this  report  allows 
any  city  to  establish  a  flat  rate? 

Mr.  McLean.  Yes.  But  the  principal  recommendation  is 
that  of  the  three  rates. 

Mr.  McKenzie.  Mr.  President,  I  would  like  to  ask  the  gentle- 
man from  Holyoke  if  they  have  a  minimum  rate,  or  any  way  in 
which  they  can  take  care  of  the  small  consumer.  Do  you  have  a 
minimum  charge  of  any  kind  in  Holyoke,  or  is  it  a  flat  rate  for  the 
actual  water  consumed  without  regard  to  the  quantity? 

Mr.  McLean.     Yes,  we  do. 

]Mr.  Charles  W.  Sherman.  It  seems  to  me  that  there  is  a 
great  deal  in  what  Mr.  McLean  has  said.  If  I  correctly  under- 
stood the  opinions  of  the  committee  at  the  time  the  original  report 
was  presented,  they  felt  that  there  is  a  good  deal  to  be  said  for 
the  single  rate.  In  my  own  town  that  is  the  practice;  we  have 
but  one  rate  for  water. 

I  believe  with  Mr.  McLean  that  the  fewer  the  classes  into  which 
the  rates  can  be  divided,  the  better  off  we  are,  as  a  rule.  There 
may  be,  and  doubtless  are,  places  where  for  reasons  of  policy,  or 
for  other  reasons  with  which  local  conditions  may  have  more  or  less 
to  do,  it  is  not  wise  at  present  to  come  to  a  single  rate,  and  possibly 
not  to  two  rates. 

If  the  committee's  report  should  be  adopted,  it  would  be  a  step 
in  advance,  in  reducing  the  number  of  classes  —  which  may  be  as 
many  as  eight  or  ten  in  some  cases  now  —  to  three,  which  of  course 
would  be  a  material  gain;    aiul  any  comnmnities  or  water  com- 
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panies  which  found  it  possible  to  make  the  number  of  classes  two, 
or  even  one,  would  be  so  much  the  better  off. 

Mr.  Patrick  Gear.*  Mr.  President,  in  answer  to  the  gentle- 
man who  asked  if  we  had  the  minimum  rate  in  Holyoke,  I  will  say 
that  we  do  have  for  tenement  blocks.  If  you  are  fortunate  enough 
to  own  a  block,  with  four  or  more  tenements,  we  will  gladly  put 
you  in  a  meter  for  the  sum  of  five  dollars.  We  allow  for  said 
amount  eighty-two  thousand  gallons  of  water  a  year  per  family. 
The  only  minimum  rate  we  have  is  for  tenement  blocks.  The 
manufacturers  and  others  pay  for  the  quantity  of  water  used. 

In  some  of  the  mills  where  pumps  are  in  use,  we  have  set  meters, 
and  the  quantity  of  water  used  by  them  does  not  pay  our  depart- 
ment one  dollar;  they  want  a  meter  in  case  their  pump  should 
give  out  so  that  they  may  be  able  to  get  city  water.  The  meter 
is  put  in  and  we  get  the  rental  charge  on  same.  I  am  in  favor  of 
that  part  of  the  report  which  says  for  that  kind  of  a  service  we 
should  receive  some  return  besides  the  rental  charge  on  meter. 

Yesterday  up  in  Holyoke  there  came  to  my  notice  a  case  in 
which  a  man  had  a  3-in.  meter  set  in  his  building  and  very  little 
water  being  used;  the  rental  for  this  me'ter  was  $16.00  per  year 
and  the  quantity  of  water  passing  through  this  meter  for  last  year, 
the  year  before,  amounted  to  al^out  $12.00.  This  man  kicked  on 
the  rental  charge  and  asked  for  a  smaller  meter.  The  tenant  on 
the  top  floor  of  this  building  where  the  meter  was  set  used  an 
elevator,  run  by  water,  to  carry  up  his  goods.  After  the  smaller 
meter  was  put  in,  the  tenant  lost  so  much  time  by  the  slowness 
of  the  elevator  in  carrying  up  his  goods,  he  was  obliged  to  move  out 
and  by  so  doing  the  consumer  gained  $2.00  and  lost  a  good  tenant. 

Our  people  in  Holyoke  think  that  we  have  the  finest  meter  and 
water  system  in  the  world,  and  anybody  that  does  not  agree  with 
us  has  not  the  right  idea. 

Everybody  knows  that  it  is  the  small  workingman  who  is  paying 
for  the  water,  and  he  is  the  one  that  is  supporting  it.  The  big 
fellow  will  use  driven  wells  if  possible.  At  one  time  we  sold  water 
for  three  cents  per  one  thousand  gallons,  and  we  are  now  selling 
if  for  five  cents,  and  yet  they  are  putting  in  wells  where  possible. 
We  sell  water  as  cheap  as  you  will  find  anywhere,  and  yet  the 
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manufacturers  are  not  coming  to  our  city  as  in  former  years. 
They  will  tell  you  that  the  large  consumer  is  the  most  desirable 
tenant,  but  I  say  that  the  smaller  one  is  just  as  desirable,  because 
we  have  more  of  them  and  therefore  all  should  be  treated  alike 
and  given  a  flat  rate. 
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PROCEEDINGS. 
Executive  Committee. 

Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  headquarters,  Tremont  Temple, 
Tuesday,  August  8,  1916,  at  10.30  a.m. 

Present:  President  William  F.  Sullivan,  and  members  Caleb 
M.  Saville,  Samuel  E.  Killam,  D.  A.  Heffernan,  Edward  C.  Sher- 
man, Lewis  M.  Bancroft,  Willard  Kent,  Albert  S.  Glover,  and 
William  S.  Johnson,  the  two  latter  being  present  by  invitation. 

It  was  voted,  on  motion  of  Mr,  Bancroft,  seconded  by  Mr. 
Saville,  that  additional  room  at  headquarters  be  secured  for  our 
Association  at  an  expense  not  to  exceed  $150  (one  hundred  and 
fifty  dollars)  per  annum. 

It  was  voted  that  the  President  be  authorized  to  appoint  a 
committee  to  act  with  a  similar  committee  of  the  Boston  Society 
of  Civil  Engineers  to  consider  the  matter  of  a  division  of  the  addi- 
tional office  room  space;  as  this  committee.  President  Sullivan 
appointed  Edward  C.  Sherman,  chairman;  Samuel  E.  Killam, 
Albert  S.  Glover,  D.  A.  Heffernan,  and  Willard  Kent. 

It  was  voted  that  the  expense  of  the  chairman  of  the  Com- 
mittee on  Service  Pipe  Investigation  recently  incurred  in  travel- 
ing be  reimbursed  him  by  the  Association. 

The  Secretary  read  a  letter  from  Mr.  F.  H.  Newell,  chairman 
of  a  special  committee  of  the  American  Society  of  Civil  Engineers 
appointed  to  consider  the  expediency  of  establishing  "  A  National 
Water  Law,"  and  asking  the  consideration  of  our  Association  to 
the  matter  and  the  appointment  by  us  of  a  similar  committee  to 
cooperate  with  said  committee  of  the  American  Society  of  Civil 
Engineers.  After  due  consideration  of  the  matter,  it  was  voted: 
That  a  committee  of  three  members  be  appointed  from  our 
Association  on  this  matter;  and  the  President  named  as  said 
committee  Messrs.  Caleb  M.  Saville,  Alfred  D.  Flinn,  and  Carle- 
ton  E.  Davis. 

Adjourned. 

Willard  Kent,  Secretary. 
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AN  EMERGENCY  GANG  IN  A  WATER  SERVICE. 

BY    GEORGE    H.    FINNERAN,    GENERAL     FOREMAN,    WATER    SERVICE, 

BOSTON,    MASS. 
[Read  September   14,  1916.] 

Failure  of  a  pipe  carrying  water  under  pressure  always  spells 
trouble  to  the  water-works  man,  the  extent  of  which  varies  ac- 
cording to  the  size,  location,  and  importance  of  the  pipe. 

Until  the  advent  of  subways,  underground  wires,  improved 
sewerage,  pneumatic  tubes,  buildings  two  and  three  basements 
deep,  and  rapidly  moving  and  heavily  loaded  vehicles,  failures 
occurred  occasionally,  but  usually  were  due  to  defective  material, 
water  ram,  or  frost.  In  the  city  of  to-day,  however,  with  its  ac- 
tivity under  and  over  ground,  leaks  and  breaks  are  frequent,  the 
causes  varied,  and  the  consequences  more  or  less  serious.  The 
prime  factor  in  the  cause  of  almost  all  failures  is  disturbance. 
Disturbance  of  a  pipe  or  the  surrounding  earth  is  certain  to  result 
sooner  or  later  in  a  leak  or  break.  If  the  disturbance  is  quick  or 
violent  and  of  the  nature  of  a  shock,  the  effect  is  innnediate.  If 
it  is  slow,  insidious,  and  progressive,  the  effect  will  develop  in  time ; 
but,  in  either  case,  the  time,  the  place,  or  the  extent  of  the  break 
cannot  be  foretold,  hence  preparation  is  necessary  to  meet  ade- 
quately the  situation  when  it  arises. 

The  first  steps  towards  properly  caiing  for  a  leak  or  l)reak  is 
promptly  to  stop  the  flow  of  water.  This  requires  the  presence  of 
men  with  wrenches  or  valve  keys  at  the  location  of  the  trouble, 
and  to  get  these  men  on  the  ground  with  as  little  delay  as  possible 
it  is  desirable  to  transport  them  in  a  rapidly  moving  vehicle.     The 
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automobile  meets  that  requirement  better  than  anything  we  know 
of  at  present.  It  is  therefore  obvious  that  to  be  prepared  to  con- 
trol a  break  in  a  water  pipe,  whether  it  is  large  or  small,  a  special 
force,  consisting  of  men,  tools,  and  an  automobile,  is  a  necessary- 
complement  to  the  distribution  system  of  every  large  water  works. 
Such  a  force  is  commonly  called  an  "  emergency  gang." 

The  men  in  an  emergency  gang  should  be  selected  carefully  for 
certain  qualifications  that  an  emergency  man  should  possess.  He 
should  first  of  all  be  a  practical  man,  one  who  has  worked  up  from 
the  bottom  and  actually  performed  the  different  kinds  of  work 
necessary  in  the  laying  and  maintaining  of  water  pipes  and  fixtures. 
He  should  have  a  knowledge  of  the  location  of  the  various  lines 
that  traverse  the  city,  a  knowledge  as  to  their  general  location, 
the  route  which  they  take,  and  a  knowledge  as  to  their  particular 
location,  the  part  of  the  street  in  which  they  lie.  He  should  know 
the  connections  with  these  lines,  the  relative  importance  of  the  lines 
and  their  connections,  and  above  all  he  should  know  the  locations 
of  the  gates  controlling  the  lines  and  connections.  He  should  be 
able  to  make  quick  or  temporary  repairs.  He  should  be  strong, 
of  good  health,  sober,  cool,  of  good  judgment  and  discretion,  a 
dependable  man,  one  to  whom  the  superintendent  of  a  water- 
works system  may  intrust  the  care  and  safety  of  that  system  when 
he  withdraws  from  the  day's  work  and  when  he  retires  for  his 
nightly  sleep,  with  a  feeling  of  confidence  that  matters  will  be 
handled  properly  in  his  absence. 

Such  a  man  is  usually  found  in  every  large  water-works  system, 
but  not  in  great  profusion.  By  careful  observation  he  may  be 
discerned,  and  the  wise  and  far-seeing  superintendent  noting  his 
good  points  keeps  him  in  his  mind's  eye,  nurses  him  along,  gives 
him  opportunities  to  develop  his  confidence  and  special  qualifica- 
tions, encourages  him  to  study  the  pipe  system  with  its  ramifica- 
tions, to  the  end  that  he  may  know  the  effect  of  closing  or  opening 
various  valves,  and,  when  the  time  is  ripe  and  the  opportunity 
comes,  the  right  man  is  ready  for  the  place. 

The  tools  essential  to  the  efficient  operation  of  an  emergency 
force  are  as  follows: 

Heavy  wrenches  for  the  operation  of  large  gates.  These  usually 
are  made  with  detachable  handles.     T-handles  are  used  in  some 
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cases,  and  crosses  or  four-arm  handles  are  used  in  others.  The 
latter  kind  allows  of  a  more  continuous  movement,  it  allows  each 
man  to  apply  his  force  more  directly  and  with  less  wasted  energy 
than  with  the  T-handles,  where  hand  room  is  limited  and  the  men 
are  more  crowded  in  their  movements.  More  leverage  can  be 
obtained  with  either  handle  by  the  use  of  extensions  in  the  form  of 
short  pieces  of  iron  pipe,  or  hand  spikes  set  into  sockets  on  the 
handle  of  the  wrench.  Norway  iron  is  the  best  material  for 
wrenches  because  of  its  toughness.  Steel  is  more  brittle  and  liable 
to  break  in  cold  weather.  The  wrench  should  be  as  short  as  prac- 
ticable. The  gate  nut  should  be  brought  to  a  uniform  distance 
below  the  street  surface  by  means  of  an  extension  permanently 
attached  and  in  place  under  ground.  A  recently  made  device,  in 
the  shape  of  a  long  hollow-steel  wrench  with  an  adjustable  handle, 
appears  to  do  away  with  the  necessity  of  these  extensions.  The 
wrench  is  made  of  square  steel  tubing,  and  is  long  enough  to  reach 
a  deeply  buried  gate.  The  handle  moves  up  and  down  along  the 
wrench  column.  It  can  be  placed  at  a  convenient  height  and  kept 
in  place  by  a  pin  passing  through  holes  bored  at  intervals  through 
the  wrench  rod.     It  is  light  and  efficient. 

Other  wrenches  lighter  in  make  should  be  carried  for  operating 
the  smaller  size  gates.  It  is  well  to  have  a  wrench  with  an  open 
socket  equipped  with  sliding  wedges.  These  are  of  much  value 
where  the  stem  nut  is  smaller  than  usual  or  where  the  corners  of 
the  nut  have  been  worn  smooth. 

Wrenches  for  corporation  and  curl)  cocks,  hydrants,  air  valves, 
etc.,  should  also  be  carried. 

Monkey  and  Stillson  wrenches  are  required  at  times;  also  calk- 
ing tools,  driving  and  sledge  hammers,  crowbar,  picks  and  shovels, 
a  stiff  broom,  a  hand  pump,  a  long-handled  spoon  to  remove  dirt 
from  gate  boxes,  white  and  red  lanterns,  and  a  strong  light  with 
reflector  to  locate  gates  and  gate  marks  at  night.  A  good  light  is 
made  of  a  small  acetylene  gas  tank  such  as  was  used  to  furnish  gas 
for  the  headlights  of  automobiles  before  electric  lighting  became 
so  common.  A  burner  and  reflector  may  be  attached  to  the  tank, 
and  the  whole  outfit  suspended  by  l)ands  and  a  handle,  so  that  it 
may  be  carried  by  hand  and  the  rays  of  light  sent  in  any  direction. 
The  headlights  of  the  auto  may  also  be  utilized  to  a  certain  extent. 
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A  gasoline  or  kerosene  torch,  such  as  is  used  by  raih'oad  men  to 
thaw  out  frogs  and  switches,  is  useful  in  winter  to  thaw  out  frozen 
gate  covers  and  melt  the  ice  that  sometimes  forms  in  small  gate 
boxes  which  fill  with  mud  and  water. 

Connection  pieces  to  replace,  temporarily,  frozen,  leaky,  and 
stopped  meters  are  useful.  A  force  pump  to  clear  out  stoppages, 
and  other  fittings  that  may  be  applied  as  first  aid  in  time  of  trouble, 
should  also  be  included. 

Hip  rubber  boots  should  be  furnished  the  men,  and  they  should 
have  suitable  storm  clothing  as  protection  against  the  weather. 

'  A  useful  adjunct  to  the  equipment  is  a  powerful  lifting  jack. 
Frequently  a  heavily  loaded  team  sinks  into  a  soft  spot  in  the 
street  caused  by  a  leak,  and  it  is  good  policy  to  assist  in  extricating 
it,  thus  minimizing  the  loss  of  time  which  will  be  included  in  the 
claim  for  damages  that  is  certain  to  follow. 

Plans  should  be  carried  on  the  car,  showing  the  pipe  system  in 
a  condensed  form,  at  a  scale  of  200  or  400  ft.  to  the  inch.  These 
should  be  in  the  form  of  l)lueprints  and  kept  up  to  date.  They 
are  of  great  help  to  the  men,  especially  when  they  answer  calls  in 
new  territory  or  in  some  suburban  district  where  they  are  not  well 
acquainted  with  the  pipe  lines. 

A  gate  finder  is  also  useful  at  times,  especially  so  in  cases  where 
tarvia  and  other  bituminous  preparations  are  spread  upon  the 
streets  and  become  soft  and  plastic  and  "  crawl  "  under  the  rolling 
motion  of  traffic,  covering  the  gate  boxes  by  a  thin  layer.  The 
gate  finder  is  a  magnetized  needle  which  is  deflected  towards  the 
ground  when  it  passes  over  the  iron  cover.* 

In  Boston  we  have  a  more  positive  way  of  locating  our  gates. 
A  distance  mark  is  stenciled  on  a  fence,  pole,  or  building  directly 
opposite  the  gate  if  possible,  telling  the  number  of  feet  from  the 
mark  out  to  the  gate.  If  it  is  not  possible  to  place  the  mark  oppo- 
site the  gate,  it  tells  the  distance  between  the  mark  and  a  point 
opposite  the  gate.  A  stenciled  arrow  shows  the  direction,  right 
or  left  of  the  mark,  that  one  must  measure  to  get  the  opposite 
point.  In  other  words,  the  mark  gives  the  base  and  perpendicu- 
lar of  a  right-angle  triangle,  the  apex  of  the  triangle  being  the  gate. 
Sometimes  these  marks  are  black  on  white  ground,  other  times  the 
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reverse,  according  to  the  color  of  the  background.  The  object  is 
to  make  them  as  conspicuous  as  possible,  especially  at  night .  When 
the  ground  is  covered  with  snow,  these  marks  are  invaluable.  In 
squares  and  intersections  where  there  are  many  gates,  a  sign  is 
erected  on  a  post  with  the  distances  for  all  the  gates  tied  from  the 
one  point,  viz.,  the  post.  This  makes  unnecessary  a  number  of 
marks  on  the  corners  and  sides  of  the  squares  or  intersections  and 
concentrates  the  information  at  one  point.  The  sign  is  not  un- 
sightly. It  has  gold  letters  on  a  dark-blue  smalt  ground,  and  is 
similar  in  outline  and  general  appearance  to  the  street  name  signs. 

A  measuring  tape  is  a  necessity  in  connection  with  the  gate  dis- 
tance marks. 

The  automobile  should  be  in  the  form  of  a  truck  with  a  specially 
designed  body  suitable  for  the  carriage  of  men.  The  best  arrange- 
ment is  to  have  the  seats  run  lengthwise  with  the  body  and  use  the 
space  under  the  seats  for  the  storage  of  wrenches,  tools,  etc.  The 
body  should  be  accessible  from  the  rear  bj^  means  of  a  hanging 
step.  It  should  be  a  powerful  car  of  not  less  than  40  h. p.,  pref- 
erably more,  if  there  are  hilly  sections  to  cover,  and  if  the  city 
is  located  where  the  snow  falls  frequently  and  to  some  depth.  It 
should  have  tires  of  ample  size  to  carry  the  maximum  load.  It 
should  be  equipped  with  demountable  rims  and  carry  an  inflated 
spare  tire.  The  tires  should  be  of  the  best  quahty  and  kept  in- 
flated to  the  limit  at  all  times.  It  will  be  found  that  this  will  give 
better  service  and  will  prove  more  economical  in  the  end.  In  fact, 
it  will  pay  in  every  way  to  get  a  good  car  even  if  the  first  cost  is 
high  rather  than  to  buy  a  cheap  outfit  that  will  fail  you  at  the 
critical  moment  and  will  be  in  the  repair  shop  a  considerable  por- 
tion of  its  life.  It  is  well  to  have  the  car  equipped  with  a  warning 
signal  similar  to  the  fire  department,  viz.,  a  bell  with  swinging 
tongue,  otherwise  traffic  will  pay  no  attention  to  your  efforts  to 
get  a  right-of-way. 

In  Boston  we  have  an  emergency  car  with  body  of  special  de- 
sign, seats  running  lengthwise.  Exclusive  of  the  chauffeur,  it 
can  easily  carry  14  men.  It  has  a  top  with  side  curtains,  and  is 
fairly  comfortable  in  the  most  inclement  weather.  The  chassis 
is  a  White,  40  h.p.,  built  in  1911,  and  is  still  doing  good  work  with 
no  prospect  of  our  replacing  it  with  a  later  model.     The  first 
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17  000  miles  of  the  car  cost  us  practically  nothing  except  for  oil, 
gasoline,  and  tires.  Since  then,  considering  the  nature  of  the 
service  and  the  severe  conditions  under  which  the  car  is  run,  it  has 
given  very  good  results.  Twice  in  five  years  it  has  been  over- 
hauled, and  with  the  exception  of  a  spring  leaf  breaking,  or  a  wheel 
bearing  becoming  loose,  or  a  brake  band  wearing,  no  trouble  has 
been  experienced  since  the  last  overhauling.  It  has  traveled  about 
37  000  miles  up  to  date.  We  have  among  our  other  cars  one  of 
similar  make  to  our  emergency  car,  with  body  suitable  for  emer- 
gency and  general  department  work  combined.  This  car  serves 
at  times  to  take  the  place  of  the  emergency  car  should  anything 
happen  to  put  that  car  out  of  service.  It  is  a  safe  precaution  to 
have  another  car  in  service  to  serve  as  a  substitute  for  the  emer- 
gency car,  as,  no  matter  how  good  the  car  may  be,  or  how  care- 
fully it  is  run,  there  is  always  the  possibility  of  its  meeting  with  an 
accident. 

The  duty  of  the  car  as  we  use  it  in  Boston  is  very  severe.  It 
is  operated  twenty-four  hours  a  day  by  four  different  chauffeurs. 
It  cannot  choose  its  route,  but  must  travel  in  the  most  direct  way 
to  the  place  it  is  summoned.  The  pavements  may  be  rough  or 
smooth,  the  stopping  and  starting  frequent.  Such  conditions 
are  a  great  strain  on  an  automobile. 

The  car  averages  about  200  trips  a  month.  Each  trip  averages 
3|  miles.  As  the  department  operates  16  additional  automobiles, 
8  of  which  are  trucks,  much  business  that  would  ordinarily  be 
done  by  the  emergency  car  is  done  by  these  trucks.  Our  policy 
is  to  keep  the  emergency  car  and  its  crew  in  quarters  as  much  as 
possible,  so  that  when  a  real  occasion  for  its  use  arises  it  is  on  the 
spot  ready  for  business,  and  not  two  or  three  miles  away,  engaged 
in  some  unimportant  work  that  could  easily  wait  until  it  can  be 
cared  for  through  the  regular  channels  of  business.  As  it  is,  it 
answers  many  false  alarms.  A  plumber  desirous  of  having  the 
water  shut  off  to  enable  him  to  make  repairs  will  sometimes  tele- 
phone that  a  pipe  is  broken  in  the  cellar  and  is  doing  great  damage. 
We  hasten  to  the  scene  only  to  find  that  the  owner  or  plumber  de- 
sires the  water  turned  on  or  off  and  he  did  not  wish  to  wait  to  have 
it  done  in  the  regular  way.  As  for  damage,  there  was  none;  nor 
any  possibility  of  any. 
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At  other  times  during  a  heavy  rainstorm  we  are  called  upon  to 
stop  the  entrance  of  surface  water  to  cellars,  or  the  backing-up  of 
over-filled  sewers.  During  a  recent  heavy  rain  our  office  received 
over  forty  calls  for  assistance  in  one  hour  between  5  and  6  p.m. 

We  are  also  called  upon  to  extricate  horses  from  manholes  and 
trenches  into  which  they  have  fallen,  and  in  a  variety  of  ways  are 
requested  to  attend  to  matters  either  outside  our  regular  line  or 
such  as  could  not  properly  be  classed  as  emergencies. 

The  emergency  gang  as  operated  in  Boston  is  divided  into  three 
eight-hour  shifts,  each  in  charge  of  a  leader.  The  day  shift  con- 
sists of  four  men  including  the  leader.  Each  of  the  night  shifts 
consists  of  six  men  including  the  leader.  There  is,  besides,  a  man 
on  duty  in  the  office  during  each  of  the  night  shifts  and  on  Sun- 
days and  holidaj's.  He  attends  the  telephone  and  takes  all  mes- 
sages and  notifications  and  directs  the  emergency  gang  to  the 
point  of  trouble. 

Owing  to  the  eight-hour  law,  we  cannot  work  the  men  more  than 
six  days  a  week.  It  is  therefore  necessary  for  each  man  to  suspend 
his  work  one  day  in  seven.  This  is  so  arranged  that  there  will  be 
but  one  man  off  on  each  shift  each  day.  This  practice  of  laying 
the  men  off  one  day  in  seven  reduces  the  number  of  men  available 
by  one  the  greater  part  of  the  week.  To  offset  this  we  were  obliged 
to  add  one  more  man  to  each  shift  to  serve  as  a  substitute  during 
the  absence  of  a  regular  man  on  his  night  off  or  during  his  vacation. 
Some  risk  is  attached  to  laying  off  the  leader,  as  he  is  the  most 
capable  man,  and  the  most  serious  break  is  likely  to  occur  the 
night  he  is  off. 

Most  of  the  calls  could  be  attended  to  by  one  or  two  men,  but, 
as  we  do  not  know  when  the  big  job  will  come,  it  is  necessary  to 
have  a  sufficient  number  of  men  on  hand  at  all  times  to  meet  it. 
During  the  day  it  is  always  possible  to  get  assistance  in  handling 
large  gates,  but  at  night  it  is  practically  impossible.  Therefore, 
in  the  event  of  a  break  in  the  lines  of  large  diameter  with  water 
flowing  at  a  great  velocity  through  the  valves,  it  is  necessary  to 
have  at  least  five  men  to  close  the  36-in.  gates  that  control  the 
same.  Arrangements  are  made  so  that  in  the  event  of  a  very 
difficult  shut-down,  where  several  large  gates  have  to  be  operated 
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against  a  strong  head,  other  men  on  duty  in  the  stable  and  fire 
room  may  be  called  out  to  assist. 

A  device  invented  by  the  writer  has  proved  itself  capable  of 
great  service  in  the  operation  of  large  gates.  It  is  incorporated  in 
the  mechanism  of  the  automobile  emergency  car  and  consists  of  a 
universal  wrench  socket  actuated  by  a  worm  gear,  placed  within 
a  housing  on  the  side  footboard  of  the  car  in  such  a  position  that 
it  can  easily  be  brought  over  the  gate  manhole  in  the  street.  When 
the  car  is  in  position  over  the  manhole,  a  wrench  is  slipped  through 
the  socket  and  fits  on  the  stem  nut  of  the  gate  below.  The  uni- 
versal wrench  socket,  together  with  a  universal  joint  on  the  end 
of  the  wrench,  affords  flexibility  in  case  the  car  is  not  on  level 
ground  or  the  wrench  socket  not  directly  over  the  stem-nut.  It 
is  an  easy  matter,  however,  for  the  chauffeur  to  bring  his  car 
into  the  right  position.  The  worm  gear  that  actuates  the  wrench 
socket  is  driven  by  a  horizontal  shaft  leading  from  a  gear  case 
back  of  the  regular  transmission  of  the  auto.  This  gear  case  en- 
closes a  sliding  gear  clutch  incorporated  in  and  acting  directly  upon 
the  driving  shaft  of  the  car.  The  gear  clutch  has  teeth  on  both 
ends,  that  engage  with  internal  gears  according  to  its  position. 
It  is  operated  by  a  lever  placed  upon  the  side  of  the  car  and  easily 
accessible  to  the  operator.  It  has  three  positions,  —  one  where 
its  rear  end  engages  with  an  internal  gear  that  turns  the  driving 
shaft  of  the  car;  one  where  its  front  end  engages  with  an  internal 
gear  that  externally  meshes  with  the  pinion  of  the  horizontal 
shaft  that  drives  the  worm  gear,  which  in  turn  actuates  the  wrench 
socket;  and  a  neutral  position  where  everything  is  idle.  In  clos- 
ing gates,  the  forward  speeds  of  the  auto  are  used.  In  opening, 
the  reverse  is  used.  All  gears  are  made  of  chrome  or  nickel  steel. 
All  bearings  are  ball  bearings,  and  all  parts  except  the  horizontal 
shaft  are  housed  in  aluminum.  The  housing  is  firmly  bolted  to 
the  frame  of  the  chassis  and  well  braced  to  resist  torque.  The 
wrench  used  is  a  hollow  square  steel  tube  terminating  in  a  specially 
hardened  steel  socket  with  universal  joint  between  socket  and 
tube.  As  fast  as  possible,  gates  are  being  equipped  with  indicators 
showing  position  of  valve  and  informing  the  operator  when  the 
valve  is  seated  or  entirely  opened.  Where  indicators  are  not 
attached  as  yet  to  gates,  a  counter  is  used.     It  is  placed  on  the 
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upper  end  of  the  wrench  and  records  the  number  of  revolutions 
made  by  the  wrench.  As  a  means  of  safety  in  the  event  of  the 
valve  seating  with  force,  or  unexpectedly,  a  pin  of  known  strength, 
placed  in  the  univeri^al  joint  of  the  wrench,  shears  off  and  breaks 
the  line  of  power  between  the  engine  and  the  gate  and  prevents 
damage  to  either  the  gate  or  the  gate  operating  device. 

The  machine  takes  up  little  space  and  does  not  intei'fer(>  in  the 
least  with  the  ordinary  use  of  the  auto. 

We  have  used  the  device  to  some  extent  in  ordinary  mainte- 
nance work,  i.e.,  the  closing  and  opening  of  gates  incidental  to  re- 
pairs and  changes  in  the  pipe  system.  We  have  also  used  it  to 
a  limited  extent  as  an  adjunct  of  gate  inspection,  running  the 
valve  down  and  up  to  observe  its  operation  and  to  facilitate  its 
movement.  Fortunately,  however,  our  opportunity-  to  use  it  as 
a  real  emergency  device  has  been  limited  to  one  occasion,  a  few- 
months  ago,  when  our  42-in.  high-service  main  l^rokc  in  Copley 
Square.  An  entire  length  of  a  pipe  was  broken  out,  and  water 
under  one  hundred  pounds  pressure  gushed  out  and  spread  itself 
over  the  square.  The  asphalt  pavement,  with  its  conci-ete  l:)ase, 
served  to  keep  the  water  underground  for  a  short  time,  and  this  — 
together  with  the  fact  that  a  20-in.,  a  12-in.,  and  an  8-in.  main  are 
laid  nearby  —  caused  our  men  a  little  uncertainty  as  to  which 
main  was  broken,  and  some  valuable  time  was  lost  in  operating 
gates  on  these  lines.  When  there  was  no  question  that  the  break 
was  in  the  42-in.  line,  they  proceeded  to  shut  the  two  36-in.  gates 
controlling  the  same.  They  are  located  about  a  mile  apart.  One 
has  a  6-in.  by-pass,  but  the  other  is  without  one.  They  started 
on  the  one  without  the  by-pass  first,  and  in  their  excitement  for- 
got to  utilize  the  gate-closing  device  on  the  emergency  car.  As 
a  result  their  progress  was  slow,  as  was  naturally  to  be  expected 
with  such  head  and  velocity  against  the  descending  valve  plug. 
Almost  three  quarters  of  an  hour  had  been  spent  on  this  gate  when 
the  writer  arrived  and  directed  the  closing  of  the  other  gate.  The 
machine  was  used,  and  this  gate  was  closed  in  twelve  minutes. 
We  then  returned  to  the  first  gate  which  was  not  completely  closed, 
but  the  resistance  had  been  so  great  in  lowering  it  by  hand  that 
it  seemed  as  if  some  obstruction  must  have  been  in  the  seat  of  the 
valve.     Rather  than  lose  any  more  time  on  it,  I  had  a  36-in.  gate 
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and  a  20-in.  gate  back  of  it  quickly  closed  by  the  machine,  and 
after  opening  a  blow-off  in  that  section,  the  pressure  was  removed 
and  the  obstreperous  gate  completely  closed. 

I  am  confident  that  if  the  men  had  applied  the  gate-closing 
machine  in  the  first  place  they  would  have  quickly  closed  the  gate, 
or,  if  not,  so  much  so  that  the  flow  would  have  been  throttled  down 
to  that  of  a  6-in.  or  10-in.  pipe,  and  they  could  then  have  closed 
the  gates  behind  it  and  operated  the  blow-off  and  completely  shut 
the  gate.  Some  valuable  lessons  were  learned  from  the  experience, 
and  the  confidence  of  the  men  in  the  efficiency  of  the  gate-closing 
machine  increased.  No  great  damage  resulted  from  the  break, 
as  it  had  a  large  area  in  which  to  spread,  and  catch  basins  drained 
it  ofT.  It  demonstrated  the  value  of  catch  basins,  of  which  there 
cannot  be  too  many,  and  it  suggested  the  desirability  of  removing 
sewer  manhole  covers  as  an  extra  means  of  draining  off  the  water 
before  it  finds  its  way  into  basements  and  cellars. 

It  also  suggested  the  importance  of  having  a  by-pass  attached  to 
every  large  gate,  to  assist  in  equalizing  the  pressure  on  both  sides 
of  the  gate  during  the  descent  of  the  valve-plug. 

The  delay  in  the  early  moments  of  the  break,  caused  by  an  un- 
certainty as  to  which  of  the  several  mains  was  broken,  proves  the 
undesirability  of  laying  several  large-sized  mains  in  a  single  city 
street.  In  Boston,  where  the  streets  in  general  are  not  noted  for 
their  width,  we  have  many  cases  of  two  and  three  large  mains  laid 
within  narrow  limits.  At  the  intersection  of  Tremont  Street  and 
Columbus  Avenue,  we  have  one  30-in.  low,  one  30-in.  high,  one 
36-in.  low,  one  24-in.  low,  one  20-in.  high,  and  several  12-in.  high 
and  low  service  mains.  In  a  narrow  way  called  Chardon  Street, 
we  have  laid,  as  closely  together  as  possible,  one  30-in.  low,  one 
24-in.  low,  one  10-in.  low,  and  one  16-in.  high  service  main.  In 
Tremont  at  Boylston  Street  we  have  one  40-in.,  one  30-in.,  and 
two  12-in.  mains  laid  closely  together;  and  branching  into  Boyl- 
ston Street,  easterly,  are  one  16-in.  and  one  30-in.;  and  branching 
westerly  are  8-in.  and  12-in.  mains.  In  addition  to  all  this,  we 
have  a  new  high-pressure  fire-service  main.  In  Huntington 
Avenue,  near  Francis  Street,  we  have  laid,  with  very  little  dis- 
tance between,  one  42-in.,  one  36-in.,  one  30-in.,  one  20-in.,  and 
one  12-in.  mains. 
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These  are  a  few  examples  of  many  similar  situations,  and  are 
cited  here  merely  to  show  the  difficulty  confronting  an  emergency- 
man  in  any  of  these  locations,  accompanied  only  by  three  or  four 
helpers,  at  about  3  a.m.  on  a  stormy  morning  with  the  wind  blow- 
ing a  gale,  the  ground  covered  with  snow,  sleet  blinding  the  eyes, 
and  a  tremendous  volume  of  water  gushing  from  the  earth,  de- 
stroying the  pavement,  making  dangerous  holes  here  and  there, 
and  covering  beyond  all  hope  of  access  manholes  wherein  are 
located  the  valves  controlling  the  different  mains.  The  question 
that  surges  up  in  his  mind  is,  "  Which  of  the  mains  is  gone?"  He 
must  have  powers  l^eyond  those  possessed  by  mortal  man  to  de- 
cide quickly  and  accurately.  There  is  nothing  he  can  do  except 
to  approximate  as  nearly  as  he  can  which  main  has  failed  and  then 
proceed  to  shut  off  that  one,  and  if  the  flow  continues,  try  another, 
and  another,  and  so  on  until  he  strikes  the  right  one.  It  so  hap- 
pens in  the  ordinary  course  of  human  events  that  not  infrequently 
he  makes  the  right  selection  last. 

Another  aspect  of  this  matter  of  laying  several  mains  in  prox- 
imity to  each  other  is  the  danger  to  the  other  mains  caused  by  the 
washout  from  the  broken  one.  As  I  said  before,  "  disturbance  " 
is  greatly  to  be  feared  in  connection  with  water  pipes,  and  here  we 
not  only  have  a  disturbance  but  in  many  cases  an  upheaval. 

When  the  emergency  car  is  dispatched  to  answer  a  call,  one  man 
is  left  behind  at  headquarters  unless  the  notification  makes  it 
plain  that  a  serious  job  is  at  hand.  The  man  at  the  telephone  can 
usually  tell  by  the  number  and  rapidity  of  the  telephone  calls. 
Where  there  is  a  break  of  large  dimensions,  the  average  citizen 
considers  it  his  duty  to  inform  the  water,  police,  or  fire  depart- 
ment, whichever  in  his  judgment  is  the  proper  one,  and  the 
result  is  an  avalanche  of  notifications  directed  to  the  Water  De- 
partment. As  a  rule,  there  is  no  mistaking  real  trouble  by  this 
sign  alone. 

The  man  left  behind  at  emergency  headquarters  is  available  in 
the  event  of  another  call  coming  in  after  the  car  has  left  in  response 
to  the  first  call.  It  is  sometimes  the  case  that  the  gang  is  sent  out 
on  a  trivial  matter  and  a  few  minutes  after  its  departure  notice  is 
received  of  a  serious  leak.  The  man  left  at  quarters  responds  with 
a  horse  and  light  wagon,  and  if  i)()ssible  he  controls  the  situation 
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himself.  If  it  is  beyond  his  abiUty,  he  telephones  to  the  office.  In 
the  meantime  the  office  man  has  been  getting  in  touch  with  the 
emergency  car  and  has  in  all  probability  directed  it  to  the  scene 
of  the  second  leak.  He  has  done  so  by  use  of  the  telephone.  Tele- 
phones are  in  such  general  use  at  present  that  it  is  almost  always 
possible  to  ask  the  occupant  of  a  house  or  store  in  the  vicinity  of 
where  the  car  was  called  to  step  outside  and  summon  one  of  our 
men  to  the  'phone.  If  this  is  not  possible,  we  can  always  reach 
our  men  through  the  police.  The  man  on  duty  in  the  police  sta- 
tion receives  reports  from  the  officers  outside  through  the  signal 
boxes.  He  communicates  with  the  officer  on  whose  route  the  car 
is  supposed  to  be  and  has  him  convey  to  our  men  any  directions 
we  may  see  fit  to  give.  Furthermore,  it  is  a  rule  of  the  emergency 
service  that  as  soon  as  practicable  after  arriving  on  a  job  the  man 
in  charge  of  the  gang  is  to  telephone  the  office  as  to  his  whereabouts, 
and  the  nature  of  the  trouble,  and  receive  instructions  from  the 
office  as  to  his  next  move.  In  this  way  we  save  time  and  travel 
by  moving  the  car  from  job  to  job  rather  than  have  it  return  to 
quarters  after  each  one. 

It  has  been  customary,  during  the  last  few  years,  to  have  the 
emergency  gang  report  at  all  large  fires,  the  object  being  to  render 
any  aid  that  it  can  in  connection  with  the  water  supply.  In  the 
case  of  a  very  large  fire,  where  the  supply  is  insufficient,  it  may  be 
possible  to  reinforce  it  by  opening  division  gates  that  are  usually 
kept  closed  to  separate  high-  and  low-pressure  systems.  If  the 
fire  is  in  the  vicinity  of  the  boundary  line  of  the  city,  gates  may  be 
opened  admitting  the  supply  from  some  adjacent  town  or  city. 
If  a  hydrant  becomes  inoperative,  it  may  be  possible  to  make  it 
serviceable ;  or  if  a  hydrant  breaks  away  from  its  fastening,  gates 
may  be  operated  in  such  a  manner  as  to  stop  the  flow  of  escaping 
water  without  interfering  with  the  supply  of  the  other  engines. 
Pipes  of  large  size  entering  buildings  on  fire  usually  break  off  in- 
side the  building  as  the  fire  progresses  and  the  building  collapses. 
Unless  these  pipes  are  shut  off  the  pressure  in  the  mains  is  de- 
creased to  a  point  where  the  efficiency  of  the  fire  department  is 
imperiled.  In  many  such  cases  the  emergency  gang  is  of  value 
in  shutting  off  these  pipes  in  the  street.  Modern  practice  re- 
quires the  presence  of  skilled  water-service  men  at  a  large  fire  for 
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the  same  general  reason  as  that  which  requires  the  presence  of  gas 
men,  electric-light  men,  telephone  men,  and  street  railway  men. 

As  we  look  back  over  a  period  of  years,  the  wonder  is  how  we 
ever  managed  to  attend  properly  to  the  troubles  of  a  large  water 
system  without  the  assistance  of  a  well-organized  and  rapidly- 
moving  emergency  gang.  We  find  somewhat  of  an  explanation 
in  the  following  facts :  that  the  public  did  not  expect  such  prompt 
and  efficient  service  as  it  does  to-day;  that  the  public  was  not  so 
prone  to  exact  damages  for  the  slightest  wetting  of  its  property; 
that  litigation  was  not  entered  into  so  cheerfully  and  freely  over 
the  merest  pretext  as  to-day;  that  pipes  were  not  so  old;  that 
they  were  laid  with  more  thoroughness  and  less  haste  than  to-day ; 
that  they  were  laid  under  better  conditions,  with  more  room  and 
less  occasion  for  crooked  lines;  that  there  was  practically  no  dis- 
turbance to  the  pipes  or  their  surroundings  once  they  were  laid; 
that  there  is  higher  pressure  as  a  rule  in  the  pipes  now  than  for- 
merly; that  there  are  more  pipes  and  larger  pipes;  that  modern 
plumbing  is  of  a  highly  complicated  and  elaborate  type,  involving 
a  greater  and  more  constant  supply;  that  there  are  more  hydrants 
and  of  a  type  that  project  above  the  surface  of  the  street;  that 
there  are  thousands  of  automobiles  moving  at  a  quick  pace  through- 
out the  streets  day  and  night;  that  there  are  reckless  and  irre- 
sponsible drivers  operating  these  automobiles;  that  the  automo- 
biles under  the  influence  of  such  drivers  come  in  violent  contact 
with  hydrants,  the  consequences  being  obvious  to  the  water-works 
man;  and  that  in  general,  modern  civilization,  as  it  is  found  to- 
day in  large  cities  with  its  virtues  and  vices,  its  characteristics  and 
methods,  its  utilities  and  luxuries,  makes  the  emergency  gang  in  a 
water  service  a  fixed  necessity  just  as  the  ambulance  and  relief 
hospital  are  established  adjuncts  of  the  regular  hospital;  as  the 
automobile  fire  apparatus  has  superseded  the  old  hand-  and  horse- 
drawn  engines;  as  the  automobile  police  patrol  has  replaced  that 
crude,  exhausting  method  of  dragging  the  drunk  through  the 
streets  to  the  police  station ;  as  the  powerful  and  luxurious  trolley 
has  replaced  the  stagecoach  and  horse  car,  and  so  on  throughout 
all  lines  of  modern  life. 

The  well-organized  and  properly-conducted  emergency  service 
in  a  water  department  of  any  large  city  of  to-day  is  a  valuabk^ 
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asset.  Beyond  its  efficiency  in  its  own  special  line,  whereby  it 
saves  money  by  minimizing  property  losses  and  public  inconven- 
ience, it  serves  as  a  stimulant  to  the  department  of  which  it  is  a 
part,  to  keep  its  system  up  to  a  high  standard  of  efficiency.  The 
emergency  gang  in  the  course  of  its  regular  work  is  constantly  un- 
covering weak  spots  in  the  system.  A  gate  is  found  defective, 
covered  up,  or  the  box  filled  with  mud.  A  hydrant  is  found  out 
of  order  and  in  such  a  condition  that  it  cannot  be  used  at  a  fire. 
Service  connections  are  found  to  have  no  shut-offs  or  else  defec- 
tive ones.  The  absence  of  a  gate  mark  is  noted.  The  need  of 
more  gates  on  certain  lines  is  shown;  the  advantage  of  a  blow-off 
here  or  an  air  valve  there,  and  so  on. 

A  smoothly-working  emergency  service  implies  a  water  system 
with  its  fixtures  in  good  working  order.  While  the  mechanical 
elements  of  an  emergency  outfit  are  an  essential  part  of  the  same, 
yet  the  factor  of  prime  importance,  in  that  as  in  all  lines  of  public 
service,  is  the  human  element.  If  that  is  of  high  standard,  the 
rest  will  rise  to  the  same  level  almost  automatically. 

To  have  the  personnel  of  not  only  our  emergency  service  but  of 
all  branches  of  our  water  works  of  a  high  moral,  mental,  and  phys- 
ical standard  should  be  the  constant  aim  and  effort  of  every  water- 
works man  holding  an  official  position  of  high  or  low  degree. 
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METER    RECORDS    FOR    SMALL    WATER    WORKS. 

BY  A.  W.  F.  BROWN,  SUPERINTENDENT,  FITCHBURG,  MASS. 
[Read  September  16,  1916] 

From  our  experience,  the  three  forms  submitted  have  been 
found  to  supply  the  needs  of  recording  the  service  given  by  a 
meter  and  furnish  information  that  will  help  to  settle  the  problem 
of  the  best  meter  for  a  place  to  use. 

Form  A  is  used  for  all  tests  of  meters,  and,  as  it  can  be  filed  in 
a  loose-leaf  binder,  saves  the  extra  work  of  copying  the  tests. 
The  test  slip  is  filed  under  the  size,  make,  and  number  of  the  meter, 
and  all  subsequent  tests  of  this  same  meter  are  filed  with  the 
first  one,  so  a  complete  record  of  the  service  of  the  meter  is  had  at 
any  time  from  these  slips. 

Form  B  consists  of  two  slips,  a  white  and  a  pink  duplicate, 
which  are  filled  out  in  the  office,  and  the  white  one  is  given  to  the 
meter  men  to  install  a  new  meter  or  change  an  old  one.  When 
the  meter  is  set,  the  shp  is  filled  out  and  returned  to  the  office  and 
the  pink  one  is  filled  out  to  correspond.  The  pink  slip  remaining 
in  the  office  gives  a  record  of  the  meters  unset,  and,  if  those  given 
to  the  men  should  be  lost,  furnishes  the  names  for  a  new  list.  It 
is  easy  at  the  end  of  the  year  to  take  the  data  needed  to  figure 
the  service  for  Form  C  from  these  slips  by  sorting  the  different 
makes  and  sizes  together,  after  which  the  slips  are  filed  in  a  binder 
for  any  further  reference  that  occurs. 

Form  C,  a  card  5  in.  by  8  in.,  is  an  effort  to  figure  the  make  of 
meter  that  is  giving  the  best  service,  all  things  considered,  and,  by 
actual  costs,  brace  up  the  opinion  that  one  has  formed  of  the  best 
meter  to  use.  The  costs  of  the  repairs  on  each  make  and  size  can 
be  filled  in  during  the  year  from  the  bills  for  repairs,  and  the  totals 
of  cubic  feet  registered  and  length  of  service  are  obtained  from 
the  Form  B  slips  at  the  end  of  the  year.  The  expense  is  so 
divided  up  under  these  headings  that  a  clear  understanding  of 
the  service  of  your  meters  is  before  you  at  any  time. 
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A  SUGGESTION  THAT  THE  ASSOCIATION  APPOINT  A 
COMMITTEE  TO  PREPARE  STANDARD  SPECIFI- 
CATIONS FOR  WATER  METERS. 

BY    ROBT.    J.    THOMAS. 

[Read  September  IS,  1916.] 

Should  the  New  England  Water  Works  Association  appoint  a 
committee  to  prepare  standard  specifications  for  water  meters,  as 
they  have  for  cast-iron  pipe  and  fire  hydrants?  That  this  is 
"  some  "  question  is  fully  appreciated,  but,  whatever  the  answer 
may  be,  it  is  believed  its  discussion  will  not  prove  unprofitable. 
Considerable  money  is  expended  in  the  purchase  of  meters,  and 
cost  of  repairs  is  an  important  item. 

If  the  superintendent  of  a  municipally-owned  plant  could  go 
into  the  open  market  and  buy  the  meter  which  his  experience 
shows  to  be,  in  the  long  run,  the  best  and  cheapest,  then  —  pro- 
vided his  conclusions  are  based  on  actual  test  and  repair  records 
and  are  not  simply  the  result  of  a  predilection  for  some  particular 
sales  force  —  the  purchase  of  meters  would  be  logical  and  simple ; 
but  these  conditions  very  seldom  obtain  at  the  present  time. 

Instead  of  this,  in  many  cities  and  towns,  ordinance  requires 
the  obtaining  of  bids  and  the  awarding  of  the  contract  to  the  low- 
est responsible  bidder.  Under  such  conditions  specifications  are 
necessary,  and,  to  any  one  who  has  examined  those  now  in  use,  it 
is  clearly  evident  that  here  is  an  opportunity  for  this  Association 
to  be  of  service.  A  great  majority  of  present  specifications  con- 
tain simply  a  few  broad  requirements  which  all  meters  can  meet 
— the  bidders  being  generally  requested  to  submit  a  description  of 
the  materials  used,  the  weight  and  the  greatest  proper  capacity 
of  the  meter.  Frequently  no  statement  is  made  as  to  the  rate  of 
testing,  general  accuracy,  or  sensitiveness.  Sometimes  it  is  stated 
that  tests  will  be  made  with  streams  of  certain  diameters,  but 
without  expressing  the  test  pressure,  which  is  about  the  same  as 
saying  that  a  linear  dimension  shall  be  as  long  as  a  piece  of  string. 
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Almost  never  is  anything  specified  as  to  the  maximum  allowable 
loss  of  head  for  certain  discharges,  and  yet  in  many  cases  the  loss 
of  head  through  a  meter  may  determine  whether  a  good  stream 
can  be  supplied  on  the  higher  levels  of  the  distribution  system, 
and  some  f-in.  meters  have  no  more  loss  of  head  for  a  certain  flow 
than  other  |-in.  meters.  Again,  the  rates  under  which  tests  are 
made  and  the  accuracy  required  differ  widely  and  are  not  expressed 
in  the  same  terms.  Finally,  little  or  nothing  appears,  in  any 
specification  which  has  been  available  for  examination,  that  covers 
maintained  accuracy  or  sensitiveness  after  use,  which  is  really  the 
most  vital  consideration,  and  there  is  small  indication  in  any  of 
the  specifications  that  actual  repair-shop  records  have  been  made 
the  basis  of  requirements  covering  the  method  of  constructing 
the  meter.  In  some  few  specifications,  the  number  of  nutations 
is  Umited,  and,  in  some,  reinforcement  of  the  disk  or  the  use  of 
a  thrust  roller  is  required. 

It  would  seem,  therefore,  that  this  field  of  meter  specifications 
might  be  profitably  cultivated  by  this  Association. 

The  best  information  for  determining  the  specifications  neces- 
sary for  the  best  results  is  presumably  to  be  found  in  department 
test  and  repair-shop  records.  Here,  if  anywhere,  can  be  found 
the  data  to  show  the  factors  essential  to  durability,  low  repair 
cost,  and  maintained  accuracy;  and  apparently  one  of  the  first 
steps  towards  the  development  of  rational  specifications  is  the 
collection  and  comparison  of  these  records.  The  durability  of 
meters  as  shown  by  shop  records  should  never  be  lost  sight  of. 
For,  no  matter  how  easy  a  meter  is  to  repair,  if  those  repairs  occur 
frequently,  considerable  revenue  is  lost  by  failure  to  register,  not 
to  mention  the  friction  which  is  bound  to  arise  between  the  office 
and  the  water  taker  in  consequence  of  interrupted  service. 

How  much  more  do  we  superintendents  know  about  meters 
to-day  than  we  did  in  1895,  when  John  Thompson  presented  a 
paper  before  this  Association,  and  Clemens  Herschel  proposed 
that  we  conduct  tests  of  meters?  Does  reinforcement  of  the  disk 
or  a  thrust  roller  actually  reduce  breakages  without  loss  of  ac- 
curacy at  low  flows?  Is  depreciation  more  rapid  with  increased 
rate  of  nutation?  Does  the  straight  reading  dial,  with  its  muti- 
lated gear-train,  increase  friction  and  so  lessen  sensibility?     In 
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general,  what  are  the  construction  features  necessary  to  long  life 
of  meter,  low  repair  cost,  and  maintained  accuracy?  Who  can 
answer  these  and  many  other  questions  of  practical  import  by 
reference  to  the  records  of  his  testing  plant  and  repair  shop?  A 
record  of  meters  taken  out,  maintained  by  a  department  for  sev- 
eral years,  showed  6  per  cent,  to  15  per  cent,  stopped  or  taken  out 
yearly. 

It  would  seem  that  this  Association  might  profitably  undertake 
the  collection  of  the  records  of  meter  repairs  and  of  tests  made  of 
meters  when  new  and  after  certain  periods  of  use.  This  is  not  a 
suggestion  that  this  Association  test  meters,  but  rather  that  it 
collect  by  circular  a  digest  of  the  information  already  in  the  repair 
shops  and  test  records  of  many  departments;  or,  if  such  records 
are  not  now  in  workable  shape,  that  some  standard  form  of  keep- 
ing and  reporting  the  information  necessary  to  the  determination 
of  the  relative  durability  and  continued  accuracy  of  meters  be 
developed  and  adopted  for  use  by  the  members  of  this  Association. 

It  is  fully  reahzed  that  local  conditions  vary,  and  that  the  con- 
trolling factor  in  the  life  history  of  a  meter  is  the  character  of  the 
water,  but  the  average  of  results  obtained  from  many  water  sys- 
tems, especially  since  the  quality  of  the  water  served  has  been 
generally  improved,  could  not  fail  to  show  relative  durability  and 
relative  continued  accuracy,  and  from  such  a  digest  of  present  or 
future  records,  it  should  be  possible  to  devise  standard  specifica- 
tions which  would  justify  the  acceptance  of  the  lowest  bid  offered. 

In  the  meantime,  and  before  such  records  could  be  collected 
and  digested,  it  is  believed  that  a  tentative  meter  specification 
might  be  developed  from  a  study  of  existing  specifications.  This 
specification  could  at  least  standardize  requirements  for  accuracy 
and  the  method  of  testing  and  would  be  of  considerable  value. 

I  suggest  for  your  discussion  the  appointment  of  a  committee  to 
consider  and  report  on  the  feasibility  of  a  standard  specification 
for  water  meters,  and  on  the  advisability  of  attempting  the  col- 
lection of  test  and  repair  records  in  such  a  way  as  to  determine,  so 
far  as  possible,  the  relative  durability  and  continued  accuracy  of 
meters. 
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DISCUSSION. 

Mr.  Thomas.  I  have  some  reports  here,  taken  every  year 
for  five  years,  of  different  meters  in  use  in  the  city  of  Lowell, 
where  there  are  over  10  000  meters  in  use;  and,  taking  a  type 
of  meters  of  which  at  least  100  are  in  use,  I  find  that  the  first 
year,  in  1907,  7  per  cent,  of  this  meter,  which  we  will  call  No.  1, 
were  taken  out  for  repairs;  1908,  6  per  cent;  1909,  7  per  cent.; 
1910,  8  per  cent.;  1911,  7  per  cent.  Those  meters  had  been  in 
use  a  good  many  years,  some  of  them  for  twenty-five  years. 

Another  meter,  we  find  8  per  cent,  were  taken  the  first  year, 
8  the  second,  9  the  fourth,  9  the  fifth,  and  9  the  sixth,  showing 
an  improvement  in  the  running  of  the  meter. 

We  found  another  meter,  the  first  year,  had  14  per  cent,  taken 
out,  14  the  second,  down  to  7  per  cent,  taken  out  the  last  year 
the  record  was  kept.  We  have  another  meter  which  showed  12 
per  cent,  the  first  year,  6  the  second,  6  the  third,  7  the  fourth,  and 
3  per  cent,  the  last  year,  which  was  a  very  good  showing. 

We  have  a  meter  of  another  make,  but  of  about  the  same 
type,  of  which  11  per  cent,  were  taken  the  first  year,  21  per  cent, 
the  second  year,  4  per  cent,  the  third  year,  7  per  cent,  the  fourth 
year,  and  14  per  cent,  the  fifth  year. 

That,  of  course,  gives  no  idea  of  the  cost  of  repairing  the  meters. 
It  was  only  to  get  a  line  on  the  meters  that  were  the  most  con- 
stantly in  use,  the  meters  that  you  could  rely  on  from  year  to 
year,  —  and  of  course  that  is  an  important  factor;  and  we  could 
not  lose  sight  also  of  the  expense  of  repairing  the  meters.  A 
meter  that  will  remain  in  use  ten  or  fifteen  years  without  any 
attention  seems  to  me  to  be  a  better  meter  than  one  that  will 
have  to  be  taken  out  if  only  slight  repairs  are  made  on  it,  every 
two  or  three  years. 

There  are  a  good  many  things  to  be  considered  in  regard  to  the 
meter  business.  The  percentage  of  registration  which  takes  place 
on  a  meter  which  may  be  otherwise  reliable  and.  may  be  in  use 
and  may  be  giving  results  in  the  way  of  registration,  but  still 
there  is  a  percentage  of  registration  which  may  be  far  below  per- 
fect. However,  my  interest  in  this  is  all  impersonal.  I  have 
not  favored  any  meter,  but  I  am  anxious  to  see  all  the  material 
that   we   use  determined  by  standard  if  possible,  especially  in 
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view  of  the  practice  of  commission  governments  to  call  for  bids 
and  oblige  you  to  accept  the  lowest  one.  We  all  know  that  in 
some  cases  the  lowest-priced  article  is  far  from  being  the  cheapest 
in  the  long  run,  and  if  we  are  going  to  call  for  bids  and  purchase 
in  accordance  with  the  lowest  bid  we  want  to  have  the  strictest 
kind  of  specification,  so  the  city  will  get  value  for  the  money  that 
they  expend. 

Mr.  a.  W.  F.  Brown.*  I  have  with  me  a  few  figures  of  what 
the  cost  of  repairs  has  been  for  one  year,  taking  in  all  kinds  of 
meters;  in  fact,  probably  every  make  that  is  in  general  use: 

Total  number  of  meters  in  service 2  357 

Total  nimiber  of  meters  repaired 334 

Total  cost  of  repairs $1,110.00 

Cost  of  repairs  to  meters  in  service .47 

Total  number  of  meters,  ordinary  repairs 260 

Total  cost  of  ordinary  repairs $647.00 

Cost  per  meter  in  service,  ordinary  repairs .27 

Total  number  of  meters  frozen 20 

Cost  of  repairs $63.60 

Cost  per  meter  in  service .026 

Number  damaged  by  heat '. 7 

Cost  of  repairs  to  meters  damaged  by  heat $22.75 

Total  duty  performed,  in  cubic  feet 9  028  500 

Cost  of  repairs  per  1  000  cu.  ft.  registration .122 

Mr.  Bertram  Brewer.*  The  speaker  had  quite  an  experience, 
a  year  ago,  in  Waltham,  in  connection  with  buying  meters.  Up 
to  this  time  the  city  had  bought  meters  of  various  manufacturers, 
perhaps  100  of  each.  It  seemed  very  necessary  to  reform  the 
scheme  and  make  sure  that  the  city  had  as  many  of  one  kind  of 
meters  as  possible.  I  suppose  every  superintendent  of  water 
works  is  up  against  that  problem.  Up  to  that  time,  we  had  about 
a  dozen  or  fifteen  different  kinds  of  meters.  We  all  know  what 
it  means  to  keep  repair  parts  for  that  number.  Tentative  arrange- 
ments had  been  made  to  buy  six  or  eight  different  kinds  of  meters 
for  the  year  1915,  so  it  is  easy  to  see  that  it  was  no  small  problem 
to  decide  just  what  to  do.  As  one  might  conclude,  the  fairest  and 
squarest  way  seemed  to  be  to  prepare  specifications.     It  was  the 

*  Registrar  and  Superintendent  Water  Works,  Fitchburg,  Mass. 

*  Superintendent  of  Sewers  and  Water  Works,  Waltham,  Mass. 


DISCUSSION.  435 

first  time  it  had  ever  been  done  in  the  city,  but  we  did  it,  and  we 
received  very  satisfactory  bids,  and  the  manufacturers  went  out 
of  their  way  to  help  us. 

The  point  I  was  going  to  make  was  this:  from  what  study  we 
gave  to  the  situation,  it  did  not  seem  possible  to  buy  the  meters 
on  the  dollar-and-cent  basis  alone.  One  would  never  think  of 
buying  an  automobile  or  any  other  machine  on  that  basis,  and 
therefore  our  specifications  required  two  conditions,  and  we 
awarded  the  contract  on  the  basis  of  the  price,  the  c|uality,  the 
workmanship,  and  makeup  of  the  machine.  We  required  every- 
body to  submit  a  sample  of  the  meter  that  he  bid  on,  and  the 
samples  were  very  carefully  analyzed  by  an  expert,  and,  with  all 
the  facts  before  us,  which  were  written  down  and  given  to  the 
bidders  who  wanted  them,  we  came  to  a  very  definite  conclusion, 
and  our  results  were  very  satisfactory,  we  think;  and  we  ordered 
quite  a  number  of  meters  of  one  kind,  so  we  hope  that  the  repair 
parts  will  not  have  to  be  of  such  large  quantities  as  time  goes  on, 
if  this  policy  is  continued. 

We  also  adopted  a  scheme  of  keeping  records  of  the  meters  — 
the  first  time  it  had  ever  been  done  with  us.  Our  meter  sheet  is 
rather  simple  (see  Figs.  1  and  2).  We  put  all  the  data  on  one 
sheet, — the  test,  the  service  in  which  the  meter  is  installed,  and  the 
data  that  it  was  installed.  We  also  have  dates  and  lines  in  the 
sheet  provided  for  the  reading  of  the  meters.  Of  course  we  always 
read  the  meter  for  the  first  week  or  two  after  it  is  installed,  and 
keep  the  eustomei-  informed  as  to  the  condition  or  the  use  of 
water,  especially  if  there  is  any  waste.  All  these  recoids,  also 
the  cost  of  installation  and  the  cost  of  any  repairs,  are  kept  on 
these  sheets,  and  they  are  filed  away  according  to  service  numbers. 
I  think  this  idea  of  records  and  a  uniform  system  of  keeping  those 
recoids  is  a  very  important  matter,  and  perhaps  has  not  heon 
emphasized  enough.  It  sfeems  to  me  it  is  just  as  important  as 
the  matter  of  the  specifications,  because,  if  one  superintendent 
keeps  the  i-ecord  one  way  and  one  another,  it  is  very  difficult  to 
compile  those  records  in  such  a  way  as  to  make  them  of  any  use. 

Anothei"  j^oint  occurred  to  me  that  it  is  very  difficult  to  dogma- 
tize the  suggestions,  such  as  have  been  read  to  us  to-day,  about 
the  number  of  repairs,  or  the  percentage  of  meters  that  have  been 
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repaired  from  year  to  year,  because  there  are  a  good  many  re- 
pairs of  that  kind  that  have  to  be  made  that  cannot  be  charged 
up  to  the  meter.  The  hot  water  and  the  connections  often  cause 
a  great  deal  of  trouble  with  the  meters.  Then  we  have  trouble 
with  dirt  collecting  in  the  meter.  Those  are  two  things  which 
occur  to  me  which  cannot  be  exactly  charged  up  to  the  meter 
itself,  as  the  fault  of  the  mechanism,  and  there  may  be  others. 

Mr.  Sherman.  In  order  that  the  matter  may  not  drop,  and 
that  we  may  have  some  definite  subject  to  talk  about  at  the 
moment,  I  will  make  the  motion  suggested  by  Mr.  Thomas's 
paper,  that  the  Association  appoint  a  committee  to  study  into 
the  desirability  of  formulating  meter  specifications. 

Mr.  King.  I  would  like  to  amend  the  motion,  in  line  with 
one  suggestion  Mr.  Thomas  made;  that  is,  in  line  with  the  stand- 
ardizing of  the  main  parts,  that  the  committee  make  an  effort 
to  standardize  as  many  of  the  parts  as  possible. 

Mr.  Sherman.     I  accept  the  amendment. 

The  motion  as  amended  was  carried  by  a  unanimous  vote. 

The  President  subsequently  appointed  the  following  committee : 
Charles  W.  Sherman,  Boston,  Mass.,  chairman;  A.  W.  F.  Brown, 
Fitchburg,  Mass.;  R.  J.  Thomas,  Lowell,  Mass.;  William  W. 
Brush,  New  York;  James  H.  Mendell,  Manchester,  N.  H.; 
Charles  A.  Finley,  Pittsburg,  Pa. 
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LEAKAGE  FROM  PIPE  JOINTS. 

BY    F.    A.    BARBOUR.* 

[Read  September  11,,  1016.] 

On  September  7,  1915,  —  as  a  result  of  a  paper  read  by  Mr. 
Arthur  H.  Smith  before  this  Association,  —  a  committee  was  ap- 
pointed "  to  investigate  experience  in  the  leakage  of  pipe  joints." 
This  committee  consists  of  Messrs.  C.  E.  Davis,  S.  E.  Killam, 
C.  M.  Saville,  H.  B.  Machen,  A.  H.  Smith,  E.  G.  Bradbury,  and 
the  writer. 

The  present  brief  statement  is  not  a  progress  report  from  the 
committee;  rather  it  is  made  for  the  purpose  of  inducing  a  more 
active  interest  in  the  investigation  by  the  members  of  the  Associa- 
tion, and  particularly  with  the  hope  that  a  discussion  may  result 
which  will  be  of  value  in  the  further  work  of  the  committee.  Any 
opinions  expressed  are  the  personal  views  of  the  writer  and  not  of 
the  committee. 

As  the  best  method  of  obtaining  the  results  of  experience  in 
joint  leakage,  a  circular  containing  37  questions  was  mailed  to 
430  members  of  this  Association,  and  to  124  members  of  the 
American  Water  Works  Association.  From  the  554  circulars 
sent  out,  131  replies  have  thus  far  been  received,  46  of  these  being 
from  the  members  of  the  American  Water  Works  Association. 
Only  85  replies  were  received  from  the  430  circulars  sent  to  the 
meml)ers  of  the  New  England  Water  Works  Association.  When 
only  one  in  five  members  takes  any  notice  of  such  a  circular  it  is 
evident  that  either  the  subject  of  the  investigation  is  of  little 
moment,  or  else  the  members  do  not  appreciate  the  value  of 
cooperation  if  any  results  of  value  are  to  be  obtained. 

It  may  be  —  and  in  regard  to  this  it  is  hoped  that  members 
will  to-day  express  their  opinions  —  that  leakage  from  pipe  joints 
is  not  generally  an  important  factor,  and  that  the  present  type  of 
joints  driven  and  tested,  or  not  tested,  as  may  be  the  practice, 
is  entirely  satisfactory.  It  also  may  be,  and  probably  is  true, 
that  such  leakage  from  mains  as  does  occur  is  not  general,  but  is 
rather  located  in  a  few  imperfectly-made  joints;    or,   in  other 

*  Consulting  Engineer,  Boston,  Mass. 
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words,  that  the  average  present  standard  design  and  workman- 
ship is  good  enough.  While  this  may  be  true,  it  comprehends  the 
subject  chosen  for  investigation,  and  thus  far  Httle  information  of 
definite  value  in  reaching  any  conclusion  has  been  received  by  the 
committee. 

One  fact,  however,  stands  out,  namely,  that  even  in  the  fully 
metered  systems,  about  20  per  cent,  of  the  total  water  supply  is 
unaccounted  for  by  sale  to  the  consumers.  Thus  of  the  131  re- 
plies received,  10  per  cent,  report  the  services  to  be  entirely  me- 
tered and  30  per  cent,  more  than  85  per  cent,  metered,  and  the 
average  water  unaccounted  for,  as  estimated  in  these  systems,  is 
21  per  cent.  This  loss  is  chargeable  to  leakage  from  mains  or 
services,  or  to  failure  of  the  meters  to  register.  It  would  seem  to 
be  worth  while  attempting  to  locate  the  cause  of  a  20  per  cent, 
loss  of  the  water  furnished.  If  slippage  of  meters  is  the  explana- 
tion, this  simply  means  that  consumers  are  getting  more  than  they 
are  nominally  paying  for,  but,  if  leakage  from  the  mains  and 
services  is  responsible,  the  result  is  an  absolute  loss  of  water  which 
costs  money  to  develop  and  deliver  to  the  distribution  system. 

The  average  consumption  in  the  40  systems  in  which  85  per 
cent,  or  more  of  the  services  are  metered  is,  as  reported,  68  gal. 
per  day  per  capita.  The  average  estimated  unaccounted-for 
water  was,  therefore,  equivalent  to  about  14  gal.  per  day  per 
capita,  or  a  loss  of  5  000  gal.  per  year  per  capita,  which,  if  the 
cost  is  estimated  at  $25.00  per  million  gallons  of  water  delivered 
to  the  distribution  system,  is  equivalent  to  a  yearly  cost  per  capita 
of  12|  cents,  or  approximately  the  interest  on  $2.00;  in  other 
words,  a  town  of  10  000  people  could  afford  to  expend  $20  000 
in  order  to  prevent  this  loss  of  14  gal.  per  day  per  person. 

If,  then,  in  these  fully  metered  systems,  which  undoubtedly 
represent  the  best  condition,  only  80  per  cent,  of  the  water  sup- 
plied is  sold  to  the  consumers,  the  question  arises  as  to  whether 
this  should  be  accepted  as  the  highest  standard  of  efficiency  which 
can  be  reasonably  attempted. 

If,  in  any  considerable  part,  the  unaccounted-for  water  is  charge- 
able to  slippage  of  meters,  then  it  would  seem  desirable  that  in- 
creased attention  should  be  given  to  the  subject  of  maintained 
accuracy  and  sensitiveness  of  meters. 
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If  meter  slippage  is  not  the  explanation  of  the  unaccounted-for 
water,  then  the  loss  must  be  through  leakage  from  the  mains  or 
services. 

As  to  the  loss  from  services,  80  per  cent,  of  those  replying  to 
the  circular  estimate  this  to  be  small  or  none.  As  to  the  leakage 
from  mains,  99  of  the  131  answers  received  do  not  attempt  to 
estimate  this  loss;  18  state  it  to  be  very  small  or  none;  and  14 
estimate  it  in  percentage  of  the  total  amount  supplied,  the  average 
of  these  few  figures  being  15  per  cent. 

From  the  replies  already  received,  therefore,  —  and  these  pre- 
sumably are  from  those  departments  best  able  to  answer  the 
several  questions,  or  most  interested  in  the  problem,  —  it  is  evi- 
dent that,  while  undoubtedly  a  considerable  portion  of  the  water 
supplied  is  not  sold  to  the  consumer,  there  is  little  or  no  definite 
knowledge  of  the  actual  conditions  of  the  pipe  joints.  The  gen- 
eral impression,  as  indicated,  is  that  the  mains  are  fairly  tight  and 
that  the  leakage  from  services  is  small.  It  may  also  be  inferred, 
from  various  notes  in  the  replies  received,  that  such  leakage  as 
may  occur  in  mains  is  located  at  certain  isolated  joints  and  is  not 
general. 

One  phase  of  the  investigation  as  conceived  by  the  committee 
was  that  in  reference  to  the  practice  of  testing  pipes  when  laid. 
Believing  that  in  the  majority  of  cases  local  conditions  would  not 
permit  the  trenches  to  be  kept  open  until  the  pipes  were  tested, 
the  question  was  asked  as  to  the  reasonable  allowable  leakage  in 
testing  after  backfilling,  as  determined  by  the  measured  water 
necessarily  introduced  to  maintain  the  test  pressure.  Such  a 
method  of  testing  is  of  course  not  to  be  compared  with  the  visual 
examination  of  the  joints  under  pressure,  but  it  is  necessary  in 
many  cases. 

Of  the  131  replies  received  in  reference  to  testing  pipe  when 
laid,  76  state  such  tests  are  made,  36  that  no  tests  are  attempted, 
and  19"  that  sometimes  the  pipes  are  tested  and  sometimes  not. 
The  interesting  and  rather  surprising  feature  in  these  replies  is 
that  all  but  six  of  those  who  state  that  the  pipe  is  tested  report 
that  the  test  is  made  before  backfilling  the  trench.  Further,  of 
the  75  who  replied  to  the  question  as  to  the  standard  of  tightness 
required  before  putting  the  pipe  in  service,  63  state  this  require- 
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ment  to  be  "  absolute  tightness."  Of  those  who  report  that  it  is 
customary  to  test  the  pipe  when  laid,  85  per  cent,  state  that  the 
test  is  made  under  the  working  pressure  which  the  pipe  is  to  carry- 
in  service.  Only  18  report  tests  in  excess  of  working  pressure, 
the  test  pressures  ranging  from  30  lb.  excess  to  double  the  work- 
ing pressure. 

From  the  information  received  to  date,  it  therefore  appears 
that  it  is  quite  the  general  practice  to  test  before  backfilling  and 
to  require  absolute  tightness  under  the  working  pressure.  If 
these  replies  can  be  accepted  as  expressing  the  general  practice  of 
water  departments,  it  is  evident  that  the  present  standard  is  high, 
and  the  only  question  which  might  profitably  be  asked  is  as  to 
what  happens  to  the  joints  when  the  higher  pressures  due  to 
water  ram,  and  more  or  less  incident  to  the  operation  of  every 
system,  are  applied,  and  whether,  therefore,  pipes  should  not  be 
tested  at  some  pressure  above  that  of  working  conditions.  It  is 
noticeable  that  but  very  few  of  the  statements  made  in  reference 
to  leakage  from  mains  and  services  are  based  on  any  actual  tests 
after  the  pipes  have  been  in  use  for  any  period  of  time,  and  the 
opinions  expressed  are  generally  formed  from  observation  of  such 
joints  as  have  from  time  to  time  been  exposed.  Only  four  defi- 
nite statements  of  tests  for  leakage  of  pipe  after  periods  of  use  are 
reported,  and  these  indicate  only  a  small  loss  from  the  joints. 

Naturally,  only  those  systems  where  a  high  percentage  of  the 
services  are  metered  can  make  any  accurate  estimate  of  the  water 
not  delivered  to  consumers.  Where  less  than  75  per  cent,  of  the 
services  are  metered,  waste  by  carelessness  inside  the  premises 
of  consumers  is  undoubtedly  the  great  factor  in  determining  the 
amount  of  water  supplied  —  a  condition  which  clearly  stands  out 
in  the  replies  received,  by  comparing  the  water  furnished  per  cap- 
ita with  the  per  cent,  of  metered  services.  Thus,  with  due  allow- 
ance for  special  industrial  demands,  the  relation  between  meters 
and  amount  supplied  is  very  approximately  as  follows: 
100  per  cent,  metered,  68  gal.  per  day  per  capita. 
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It  is  therefore  evident,  as  would  be  expected,  without  the  evi- 
dence of  the  present  investigation,  that,  in  the  conservation  of 
our  water  supphes,  metering  of  the  services  is  the  great  factor,  and 
leakage  from  mains,  except  in  particular  instances,  is  of  minor 
importance. 

While  this  is  true,  however,  there  remains  the  fact  that  in 
completely  metered  systems  the  average  unaccounted-for  water 
amounts  to  about  20  per  cent,  of  the  total  amount  of  water 
delivered  to  the  distribution  pipes. 

Whether  it  is  economically  possible  to  reduce  this  loss  by  a  bet- 
ter type  of  joint,  better  workmanship,  testing  at  pressures  above 
normal,  cannot  be  determined  by  the  evidence  thus  far  made 
available  to  the  committee.  The  information  most  needed  to 
reach  conclusions  is  that  giving  the  results  of  leakage  surveys,  of 
actual  tests  made  after  the  pipes  have  been  in  service  some  years, 
of  experimental  work  showing  the  relation  between  pressure  on 
the  joints  and  leakage,  and,  particularly,  data  from  those  depart- 
ments where  accurate  tests  have  shown  leakage  in  mains  to  exist. 
There  is  no  doubt  that  in  many  cases  there  is  a  large  loss  from  the 
pipe  system,  even  though  in  the  replies  received  to  date  to  the  cir- 
culars of  the  committee  the  great  majority  regard  this  loss  as  very 
small,  or  refuse  to  make  any  estimate. 

The  object  of  this  brief  preliminary  consideration  of  the  sub- 
ject is  to  ask  that  members  who  have  not  replied  to  the  circular  do 
so  at  once,  and  particularly  that  any  member  who  has  at  hand  the 
results  of  definite  leakage  tests  submit  such  information,  which 
will  of  course  be  considered  confidential. 

An  expression  of  the  opinion  of  members  on  the  general  ques- 
tion as  to  whether  further  investigation  of  joint  leakage  is  worth 
while  would  be  of  considerable  interest. 

DISCUSSION. 

Mr.  Barbour.  The  object  of  presenting  this  paper  is  to  l)ring 
it  to  the  attention  of  the  members.  The  New  England  Water 
Works  Association  is  in  the  habit  of  creating  committcM's,  perhaps 
too  many  of  them.  After  they  are  created,  the  interest  fails  off. 
The  committee  cannot  get  any  results  without  cooperation.  As 
strongly  as  I  can  put  it,  I  hope  the  members  who  have  not  ii^plied 
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to  that  circular  will  do  so,  and  particularly  the  men  who  have 
knowledge  of  leakage  from  pipe  will  tell  us  the  results  of  any 
special  investigations  that  have  been  made.  Either  that,  or  we 
have  to  assume  the  investigation  is  not  worth  while,  and  we 
might  just  as  well  drop  it,  and  the  committee  so  report. 

Discussion  at  Meeting  of  November  8,  1916. 

Mr.  Barbour.  This  paper  was  written  to  stimulate  discus- 
sion, with  the  hope  that  more  definite  data  would  be  made  avail- 
able for  the  Committee  on  Leakage,  rather  than  with  the  idea  that 
it  contains  much  information  of  definite  value.  Any  conclusions 
which  have  been  drawn  from  the  information  already  furnished 
the  committee  are  largely  confirmatory  of  results  which  have 
been  reached  by  other  investigations. 

The  fact  that  in  entirely  metered  systems,  or  in  systems  where 
the  meters  exceed  85  per  cent,  of  the  services,  at  least  20  per  cent, 
of  the  water  furnished  is,  on  the  average,  unaccounted  for,  does, 
however,  stand  out,  and  the  question  arises  as  to  whether  we 
should  be  content  with  such  a  condition.  It  is  to  be  noted  that 
this  20  per  cent,  loss  is  not  based  on  a  comparison  of  pump  records 
with  the  water  sold,  but  on  the  figures  furnished  by  superintendents 
as  to  the  water  unaccounted  for  in  their  systems,  these  figures 
presumably  making  corrections  for  such  items  as  pump  slippage. 
It  would  seem  that  a  loss  of  20  per  cent.,  due  to  leakage  from  mains 
and  services  or  to  under-registration  of  meters,  which  undoubtedly 
represents  the  best  conditions,  is  sufficiently  sizable  to  justify 
careful  consideration  of  possible  remedies. 

We  all  know  that  the  total  unaccounted-for  water  in  unmetered 
systems  is  enormous;  presumably  we  all  agree  that  metering  is 
the  great  remedy,  and  yet,  as  reported  by  the  United  States 
Department  of  Commerce,  only  40  per  cent,  of  the  services  are 
metered  in  201  cities,  containing  26  000  000  people  and  having  an 
average  per  capita  consumption  of  139  gal.  per  day.  This  total 
loss  is  not  the  subject  of  our  immediate  discussion,  but,  as  a  means 
of  calling  attention  to  present  standards  of  management,  a  few 
figures  may  not  be  amiss. 

The  total  population  in  the  United  States  supplied  with  water 
from  public  works  may  be  taken,  for  present  purposes,  at  fifty 
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million  people,  and  the  average  amount  of  water  furnished  per 
day  at  100  gal.  per  capita.  The  total  water  supplied  daily  by 
public  works  is,  therefore,  in  round  figures,  5  000  million  gallons. 
It  is  probably  a  safe  statement  that  50  per  cent,  of  this  quantity 
is  wasted,  and  assuming  the  actual  cost  of  furnishing  the  useless 
2  500  million  gallons  to  be  $25  per  million  gallons,  —  and  this  is 
an  extremely  low  figure,  —  the  cost  per  day  of  the  water  wasted 
is  equal  to  $62  500,  or  $22  800  000  per  year,  which  is  equal  to  the 
interest  on  an  investment  of  $500  000  000.  Figured  in  this  rough 
way,  the  results  do  not  speak  very  well  for  our  present-day  stand- 
ard of  management  of  water  systems.  If  it  should  be  answered 
that  it  is  not  practicable  to  prevent  this  loss,  a  reasonable  reply 
would  be  that  at  least  we  should  know  more  about  its  causes  than 
apparently  is  known  at  the  present  time. 

As  already  stated,  metering  is  the  great  means  of  reducing  the 
total  waste  on  which  the  previous  figures  are  based,  but  there 
remains  the  fact  that  in  the  fully  metered  systems,  on  the  average, 
at  least  20  per  cent,  of  the  water  furnished  is  unaccounted  for, 
and  probably  if  more  accurate  data  were  available,  this  percent- 
age would  be  shown  to  be  materially  greater. 

Emil  Kuichling  estimated  2  500  to  3  000  gal.  per  mile  per  day 
as  the  leakage  from  well-laid  mains;  Dexter  Brackett  estimated  a 
leakage  of  from  10  000  to  15  000  gal.  per  day  in  the  Metropolitan 
District;  and  John  R.  Freeman  stated  that  his  best  guess  of  the 
underground  leakage  in  New  York  was  from  25  to  35  gal.  per  day 
per  capita,  equal  to  from  20  000  to  30  000  gal.  per  day  per  mile 
of  pipe.  In  six  cities,  with  95  per  cent,  of  the  services  metered, 
reported  by  Brackett  in  1904,  36  per  cent,  of  the  water  was  un- 
accounted for,  equal  to  an  average  loss  of  11  300  gal.  per  mile  of 
pipe.  James  H.  Fuertes,  in  the  1906  Report  to  the  Merchants 
Association  of  New  York,  presented  statistics  from  thirteen  cities 
in  which  on  the  average  82  per  cent,  of  the  services  were  metered, 
which  showed  that  31  per  cent,  of  the  supply  was  unaccounted 
for,  equivalent  to  approximately  18  000  gal.  per  mile  of  pipe. 
What  part  of  these  losses  are  chargeable  to  the  mains  is  unknown, 
but  from  the  results  of  such  leakage  surveys  as  have  Ikxmi  made,  . 
and  from  the  reported  actual  losses  discovered  in  some  cities,  it 
is  probable  that  7  500  gal.  per  mile  of  pipe  per  day  is  a  conserva- 
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tive  estimate  of  the  water  lost  by  leakage  from  the  60  000  miles 
of  mains  now  in  use  in  the  public  supplies  of  this  country,  or  450 
million  gallons  daily.  At  $25  per  million  gallons,  this  is  equal  to 
a  daily  loss  of  $11250,  or  $4  110  000  per  year,  or  the  interest  on 
$100  000  000.  In  the  light  of  this  economic  waste,  it  would  there- 
fore appear  that  the  subject  of  leakage  from  mains  is  worthy  of 
careful  consideration. 

The  Committee  on  Water  Consumption  of  this  Association 
reported  in  1913  *  that  "  in  general  it  may  be  said  that  if  in  a 
well-metered  system  the  water  unaccounted  for  does  not  exceed 
25  per  cent,  of  the  total  pumpage,  the  practice  is  good."  Doubt- 
less this  should  be  interpreted  to  mean  that  a  25  per  cent,  loss  is 
good  compared  with  the  average  present  practice;  but  is  it  good 
compared  with  the  standard  which  should  be  set  up  in  this  age 
when  we  hear  so  much  about  conservation?  Should  we  com- 
placently accept  a  loss  of  25  per  cent,  as  inevitable,  and,  if  this 
loss  cannot  reasonably  be  much  reduced  in  the  systems  already 
constructed,  what  about  the  possibility  of  better  methods  of 
construction  in  the  pipe  to  be  laid  in  the  future?  It  is,  of  course, 
out  of  the  question  to  consider  the  relaying  of  present  systems,  or 
to  do  more  than  make  leakage  surveys  and  check  the  larger 
losses;  but,  in  the  light  of  present  knowledge,  is  it  not  time  to 
seriously  undertake  an  analysis  of  the  causes  responsible  for  the 
present  large  percentage  of  water  unaccounted  for?  If  these 
losses  are  chargeable  to  under-registration  of  meters,  then  this 
should  be  definitely  made  known,  and  consideration  given  to  the 
possibility  of  developing  more  sensitive  or  more  accurate  measur- 
ing apparatus. 

Are  we  taking  sufficient  care  in  testing  pipe  for  watertight  ness 
when  laid?  About  60  per  cent,  of  those  replying  to  the  circular 
of  tTie  committee  state  that  the  pipe  is  tested  when  laid,  and 
all  but  six  make  the  test  before  backfilling.  In  the  writer's  ex- 
perience, testing  before  backfilling  in  the  ordinary  work  of  laying 
distribution  systems  is  rare,  and  it  is  undoubtedly  from  the  prac- 
tice of  simply  turning  on  the  water  without  any  test  that  a  con- 
siderable part  of  the  present  leakage  develops.  The  standard 
of  those  who  test,  as  indicated  by  the  replies  received,  is  "  abso- 
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lute  tightness,"  init  in  the  writer's  experience  this  result  is  not 
easy  to  obtain,  and  only  possible  where  the  joints  are  gone  over 
several  times  after  the  pressure  is  applied. 

Where  pipes  are  backfilled  before  testing,  the  allowable  leak- 
age, as  determined  by  such  test,  has  varied  greatly  in  different 
specifications.  John  H.  Gregory,  at  Columbus,  made  the  limit 
500  gal.  per  inch-mile  per  day.  At  Akron,  200  gal.  per  inch-mile 
per  day  was  specified,  while  actual  results  at  Akron  showed  about 
70  gal.  per  inch-mile  per  day.  E.  G.  Bradbury,  in  his  paper  be- 
fore this  Association  in  1914,*  proposed  100  gal.  per  inch-mile 
per  day  as  a  reasonable  standard  for  the  allowable  leakage  in 
testing  after  backfilling,  and  he  figured  that  the  difference  between 
500  and  100  gal.  per  inch-mile  per  day,  estimating  the  cost  of 
the  water  at  S25  per  million  gallons,  would  equal  a  yearly  cost  for 
water  lost  in  a  citj'  of  100  000  people,  of  S5  256,  or,  in  other  words, 
the  city  could  afford  to  spend  $470  per  mile  in  order  to  save  400 
gal.  of  leakage  per  inch-mile  per  day. 

Again,  are  the  present  jointing  methods  the  best  qualified  to 
maintain  tightness  after  periods  of  use?  Who  knows  anything 
about  the  comparative  leakage  when  laid  and  after  several  years? 
In  this  latter  connection  the  history  of  the  work  at  Grandview, 
Ohio,  is  of  interest.  As  reported  by  Mr.  Bradbury,  the  supply 
is  measured  by  a  tested  meter  and  all  service  pipes  are  meteixnl. 
The  5.5  miles  of  pipe  originally  laid  were  tested  before  backfilling, 
and  the  leakage  before  any  connections  were  made  amounted 
to  .31  gal.  per  inch-mile  per  day,  or  'n  other  words,  the  system  was 
practically  watertight.  Subsequently  0.9  miles  of  additional 
mains  were  laid,  and  gradually  in  the  four  years  since  the  date 
of  original  construction  the  services  have  increased  to  the  present 
number  of  205.  Either  by  less  careful  work  in  the  extension  or 
by  depreciation  of  the  original  work,  or  by  under-registration  of 
the  gradually  increasing  number  of  meters,  the  unaccounted-for 
water  has  inci-eascd  until  at  the  present  time  it  averages  about 
150  gal.  per  inch-mile  per  day.  An  interesting  feature  in  connec- 
tion with  these  records  is  that  the  unaccounted-for  water,  based 
on  three  years'  observations,  averages  60  gal.  per  inch-mile  per 
day  during  the  six  months  from  October  to  April,  and  213  gal.  dur- 
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ing  the  six  months  from  April  to  October.  In  other  words,  the 
records  indicate  in  this  system  that  the  unaccounted-for  water 
is  three  times  as  great  during  the  summer  as  during  the  winter 
months.  Whether  some  local  explanation  can  be  found  for  this 
result,  or  whether  it  is  a  reasonable  result  of  temperature  changes 
is  not  known,  but  data  from  other  systems  showing  the  unac- 
counted-for water  during  periods  of  varying  temperature  would 
be  of  considerable  interest. 

Any  information  of  definite  tests  of  leakage  from  observation 
of  mains  after  periods  of  use,  or  of  the  effect  of  temperature  on 
leakage,  or  the  results  of  tests  of  leakage  from  lead  joints  with 
different  shapes  of  bell  and  spigot  or  of  other  types  of  joints,  will 
be  of  value  to  the  Committee  on  Leakage,  and  it  is  hoped  that  if 
any  members  have  such  information,  and  are  not  prepared  to 
discuss  the  subject  to-day,  they  will  forward  it  to  the  committee. 

Mr.  Charles  W.  Sherman.*  When  the  committee's  circular 
of  inquiry  was  received,  it  did  not  seem  to  me  that  I  had  any  data 
which  would  be  of  use  to  the  committee.  Mr.  Barbour's  paper 
has  suggested  a  new  line  of  thought  and  that  data  indicating  more 
or  less  perfectly  the  causes  of  loss  in  a  fully  metered  system  are 
also  of  significance. 

These  notes  relate  to  the  experience  of  the  town  of  Belmont, 
Mass.,  a  residential  community  of  8  000  people,  with  no  manu- 
facturing, but  where  there  is  a  considerable  use  of  water  l^y  market 
gardeners.  The  water  supply  is  obtained  from  the  Metropolitan 
Water  Works,  and  is  metered  at  the  town  hne,  where  it  is  furnished 
into  the  distribution  pipes.  The  distribution  system  consists  of 
31.5  miles  of  main  pipes  2  in.  to  12  in.  in  diameter,  and  14.75  miles 
of  service  pipe,  with  1  430  services.  It  has  been  fully  metered 
since  1898.  The  daily  consumption  for  1915  averaged  52  gal. 
per  capita. 

Not  only  are  all  the  services  (including  municipal  buildings) 
supplied  with  meters,  but  there  are  meters  on  watering  troughs, 
etc.,  and  the  water  department  furnishes  a  man  and  a  meter  to 
measure  the  water  used  for  sewer  flushing.  In  fact,  practically 
all  the  water  used  is  metered,  except  that  drawn  from  fire  hydrants 
for  extinguishing  fires. 

*  Of  Metcalf  and  Eddy,  Consulting  Engineers,  Boston. 
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The  proportion  of  the  water  suppUed,  which  has  been  thus 
accounted  for,  has  been  as  follows: 

Per  Cent. 

1908 67.2 

1909 65.6 

1910 58.5 

1911 61.0 

1912 62.3 

1913 64.2 

1914 71.9 

1915 82.5 

No  definite  data  are  available  to  indicate  where  the  water  un- 
accounted for  goes.  In  1910,  following  the  decrease  in  the  pro- 
portion for  which  we  could  account,  it  was  thought  that  there  must 
be  considerable  leaks  in  the  main  pipes,  and  great  pains  were 
taken  to  find  such  leaks.  These  efforts  did  not  meet  with  much 
success.  Some  leaks  were  found,  but  none  of  material  conse- 
quence, and,  as  shown  by  the  percentages,  the  gain  in  the  next 
three  years  amounted  to  only  about  5  per  cent.  It  was  then  con- 
cluded that  greater  care  in  looking  after  house  meters  might  show 
a  further  gain.  Previously  they  had  received  good  ordinary  care; 
they  were  supposed  to  be  read  monthly,  and  it  was  believed  that  a 
meter  could  not  be  stopped  or  in  bad  condition  for  any  consider- 
able period  without  discovery.  However,  beginning  with  1914 
a  systematic  following  up  of  all  meters  was  undertaken,  and  no 
meter  was  allowed  to  stay  in  service  more  than  a  certain  limited 
time  without  removal,  testing,  and  cleaning.  This  policy  re- 
sulted in  a  gain  of  7  per  cent,  in  the  water  accounted  for  in  the 
first  year,  and  a  further  gain  of  11  per  cent,  in  the  following  year. 
How  much  more  gain  can  be  accomplished  in  this  way,  we  do  not 
know,  but  we  are  inclined  to  believe  that  not  over  10  to  15  per 
cent,  of  the  water  supplied  is  lost  through  main  pipe  leaks,  and 
it  may  be  possible  to  account  for  between  85  and  88  per  cent,  of 
all  the  water  supplied. 

In  this  connection  it  may  be  interesting  to  note  that  in  1915, 
in  the  high-service  district  of  Belmont,  —  a  section  including  about 
two  miles  of  6-in.  and  8-in.  pipe  (on  a  portion  of  which  the  pres- 
sure exceeds  160  lb.  per  square  inch)  and  47  services, —  the  per- 
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centage  of  the  water  supplied  which  was  metered  to  consumers  was 
94. 

Our  experience  here  leads  us  to  believe  that  with  good  work  on 
the  main  pipes,  the  loss  from  joint  leakage  should  not  exceed  10 
to  15  per  cent,  of  the  consumption;  if  the  service  meters  leave 
more  than  this  percentage  unaccounted  for,  it  is  probable  that 
the  greatest  gain  can  be  made  by  close  attention  to  meters. 

This  does  not  mean  that  joint  leakage  may  be  neglected.  In 
my  opinion,  it  does  indicate  that  if,  after  thorough  overhauling 
of  meters,  the  percentage  unaccounted  for  exceeds  15,  there  are 
probably  main  pipe  losses  which  can  and  should  be  eliminated. 
If  the  total  losses  from  leakage  and  under-registration  of  meters 
can  be  reduced  to  5  or  6  per  cent,  we  shall  have  made  a  long  step 
in  conservation,  and  one  worth  the  expenditure  of  considerable 
sums  of  money. 

Mr.  D.  a.  Heffernan.*  Milton's  experiences  in  this  line  may 
be  interesting  to  some.  We  have  over  fifty  miles  of  mains,  all 
cast  iron,  bell  and  spigot  leaded  joint,  and  about  forty  miles  of 
services,  brass,  cast  iron,  cement-lined,  enameled,  galvanized, 
lead,  plain  iron,  tarred  iron,  and  tin-lined  lead,  averaging  in  length 
109  ft. 

In  replying  to  the  questions  distributed  by  the  committee,  I 
answered  the  one  asking  for  an  estimate  of  the  amount  of  leakage 
in  our  systems  that  it  was  practically  nothing.  And  although  we 
have  not  made  an  exhaustive  test  of  tightness  in  the  past  five 
years,  I  reasoned  this  way. 

Milton  has  been  very  successful  in  accounting  for  its  water. 
In  1915,  85  per  cent,  of  its  water  was  accounted  for  b}-  registra- 
tion of  meters.  Four  causes  for  the  loss  of  unconsumed  water  may 
be  accounted  for  in  towns  100  per  cent,  metered,  as  is  the  case 
in  Milton: 

1.  Slippage  or  under-registry  of  meters. 

2.  Use  of  water  at  fires  and  in  blowing  off. 

3.  Use  of  water  in  puddling. 

4.  Leakage. 

Meters  have  been  perfected  in  late  years  so  nmch  that  slippage 
has  become  practically  nothing.     The  under-registry  is  a  point 

*  Superintendent  of  Water  Works,  Milton,  Mass. 
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that  amounts  to  considerable  in  municipalities  that  have  been 
metering  their  systems  for  anj^  number  of  years.  When  a  meter 
has  been  in  continuous  service  for  fifteen  or  twenty  years,  it  will 
be  found  upon  testing  that  the  consumer  has  been  benefiting  to 
the  extent  of  from  10  per  cent,  to  30  per  cent.,  varying  with  the 
type  and  size  of  meter.  The  remedy  is  to  have  a  plan  of  removing 
and  making  repairs  on  a  certain  proportion  of  meters  each  year 
so  that  meters  in  service  over  five  years  will  be  the  exception,  not 
the  rule. 

A  town  with  any  number  of  dead  ends  can  account  for  more  of 
its  water.  Milton  has  upward  of  100.  These  necessitate  frequent 
blowing-off,  each  operation  averaging  fifteen  or  twenty  minutes. 
Use  of  water  at  fires  brings  up  another  large  factor.  Of  course, 
these  last  two  points  are  necessary  evils,  one  of  which  may,  as 
time  goes  on,  be  diminished.  I  refer  to  the  dead-end  evil.  A 
growing  community  must  countenance  the  lack  of  complete  cir- 
cuits including  the  entire  system.  They  can  be  put  in  connection 
gradually  only  in  accord  with  steady  growth  in  one  district.  But 
until  these  are  completely  conquered,  comparatively  tight  systems 
will  be  looked  on  as  embracing  approximate  perfection.  Fires, 
of  course,  will  always  be,  and  unless  each  hydrant  is  metered, 
water  thus  used  must  be  estimated,  not  accurately  computed. 

We  come  to  water  used  in  puddling  the  backfill.  It  is  under- 
stood that  we  find  an  excuse  for  a  rather  small  proportion  under 
this  heading.  It  is  but  another  small  outlet  which  lu>lps  make  the 
total  large. 

Milton  has,  on  the  whole,  a  rather  small  percentage  left  for 
which  leaks  may  be  accused.  This  is  borne  out  by  figures  of  the 
night  flow.  In  1912,  Milton  used  between  1  and  4  a.m.  12  gal. 
daily  per  capita.  The  next  year  the  flow  decreased  to  10,  which 
it  has  steadily  niaiiitaincd  since,  Ihc  lowest  in  the  Metropolitan 
district. 

Both  service  and  main  work  is  tested  undei'  working  pressure 
before  backfilling.  Installing  gates  at  frequent  intervals  to  ac- 
complish this  is  avoided  by  means  of  a  testing  plug  used  on  2-in. 
work  and  over.  Milton  does  all  its  work,  and,  therefore,  is  in  a 
position  to  know  that  all  construction  is  done  under  the  best  po.s- 
sible  conditions  and  that  nothing  is  skimped. 
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It  has  been  my  experience  while  connected  with  the  Milton 
Water  Department  that  the  great  majority  of  leaks  are  from  causes 
foreign  to  the  water  system.  Almost  95  per  cent,  of  the  main 
leaks  may  be  attributed  to  cross  trenches  settling  and  carrying 
the  water  pipe  down.  In  many  service  leaks  I  blame  the  leak  on 
the  condition  of  the  soil;  for  example,  ashes  eat  quickly  into  lead 
pipe. 

On  the  whole,  I  do  not  consider  that  anything  is  radically  wrong 
with  our  present  method  of  pipe  laying,  but  if  it  is  possible  to 
approach  nearer  to  the  unattainable  absolutely  tight  system,  I  am 
with  you. 
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COMMITTEE  ON  METER  RATES.     REPORT  ON  WASTE; 

TO  WHICH  IS  ADDED  SUGGESTIONS  FOR  SERVICE 

CHARGES  FOR  LARGE  METERS. 

[Presented  November  6,  1916.] 

Your  Committee  on  Meter  Rates  presented  a  preliminary 
report  on  September  9,  1914,  and  a  final  report  on  February  9, 
1916,  on  the  subject  originally  referred  to  it.  At  the  March, 
1915,  meeting,  after  the  presentation  of  the  preliminary  report, 
your  committee  was  instructed  to  investigate  and  report  upon 
"  the  water  unaccounted  for  or  lost  in  leakage,"  because  "  that 
question  also  is  involved  in  meter  rates  and  it  would  be  desirable 
to  secure  more  exact  information  upon  it." 

Pursuant  to  this  instruction,  your  committee  has  collected 
statistics  as  to  the  use  and  loss  of  water,  and  other  allied  matters, 
from  a  number  of  completely  metered  systems,  and  it  now  pre- 
sents these  statistics,  with  some  comments  thereon.  These 
recoi'ds  show  the  normal  tlistribution  of  business  among  large 
and  small  consumers  and  among  large  and  small  meters. 

With  the  aid  of  this  information,  the  committee  now  makes  a 
suggestion  with  reference  to  service  charges  for  meters  from  f  to  6 
in.  in  size.  In  the  preliminary  report  such  a  suggestion  was  made 
for  an  appropriate  service  charge  for  a  |-in.  meter.  Data  at 
the  committee's  disposal  at  that  time  did  not  warrant  extending 
the  suggestion  to  larger  meters.  With  the  aid  of  the  information 
now  available,  the  committee  now  adds  this  study  (which  it 
considers  suggestive  rathei-  than  final  and  definite)  to  the  Asso- 
ciation for  consideration. 

Water  Unaccounted  For. 

Upon  ])eing  instructed  to  investigate  water  unaccounted  for, 
the  connnittee  was  somewhat  in  doubt  as  to  what  investigation 
it  could  wisely  make.  A  number  of  methods  of  approaching  the 
problem  were  discussed.     Some  of  these  involved  experimental 
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work  that  the  committee  did  not  feel  that  it  could  carry  out.  It 
was  then  decided  to  make  an  inquiry  for  statistics  of  members  of 
this  Association  and  others  having  in  their  charge  completely 
metered  water-works  systems.  Systems  having  more  than  90 
per  cent,  of  all  their  services  metered  (those  remaining  unmetered 
being  limited  ordinarily  to  single-faucet  houses)  were  considered 
as  completely  metered.  As  it  turned  out,  however,  the  number  of 
unmetered  services  in  the  systems  for  which  statistics  were  ob- 
tained was  less  than  one  per  cent,  of  the  whole  number.  It  was 
thought  by  the  committee  that  statistics  for  systems  less  com- 
pletely metered  would  be  of  little  use  in  this  connection. 

In  the  circular  letter  which  was  issued,  information  was  asked 
as  to  the  quantities  of  water  supplied,  sold  by  meter,  otherwise 
accurately  measured  or  estimated,  and  as  to  the  quantities  of 
water  which  could  not  be  accounted  for.  The  opportunity  was 
also  taken  to  get  information  as  to  a  number  of  allied  matters. 
In  regard  to  a  few  of  these  matters,  the  information  was  so  in- 
complete that  nothing  was  done  with  it,  but  in  other  directions 
very  gratifying  returns  were  received  and  the  statistics  resulting 
from  them  should  be  of  considerable  assistance. 

Returns  were  received  from  thirty-five  systems  that  were  com- 
pletely metered  or  very  nearly  so.  Sixteen  systems  were  in  New 
England.  The  others  were  well  scattered  over  the  United  States, 
and  one  was  in  Canada. 

These  statistics  were  furnished  by  officers  of  water  works  of 
whom  nineteen  were  members  and  sixteen  were  not  members  of 
the  Association.  They  were  given  in  some  cases  in  great  detail 
and  represented  a  large  amount  of  patient  labor.  The  thanks  of 
the  committee  is  due  to  those  who  took  so  much  trouble  in  their 
behalf,  and  especially  to  those  who  were  not  members  of  the  Asso- 
ciation. 

These  statistics  have  been  summarized  and  are  briefly  set  forth 
in  the  following  condensed  table.  They  are  given  in  more  detail 
in  a  larger  table  which  accompanies  this  report,  and  which  shows 
the  most  important  data  for  each  plant.  Reference  is  made  to 
this  large  table  for  all  further  details.     (See  Plate  XV.) 
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Condensed   Summary  of  Statistics  on  Use  and   Loss  of  Water. 
(Averaged  by  Systems.) 

No.  of   Systems 

Represented  in 

Calculation  of 

This  Item. 

Total  number  of  services 524  364  35 

Total  number  of  meters '. 520  719  35 

Average  daily  output,  gallons 289  182  000  33 

Recorded  by  meters,  gallons 191  590  000  33 

Otherwise  accurately  estimated,  gallons 12  467  000  17 

Not  accounted  for,  gallons 59  180  000  29 

Per  cent,  not  accounted  for 27.0  29 

Per  cent,  of  meters  f  in.  and  over  in  size 13.40  34 

Per  cent,  of  meters  1  in.  and  over  in  size 3.80  32 

Per  cent,  of  meters  2  in.  and  over  in  size 1.42  32 

Per  cent,  of  meters  4  in.  and  over  in  size 0.30  32 

Average  size  of  all  meters  in  terms  of  one  |-in. 

meter 1.43  34 

Maximum  Normal                                         Gal.  Cu.Ft.per 

Output  of  One  Meter.                                    Daily.  Quarter. 

fin.                                           705  8  600  11 

fin.                                          1200  15  000  11 

1  in.                                          2  050  25  000  12 

H  in.                                            2  740  33  500  9 

2  in.                                            7  580  92  000  11 

3  in.                                        13  900  170  000  8 

4  in.                                         40  200  490  000  5 


Per  Cent,  of  Per  Cent,  of  All 

All  Takers.  Water  Sold. 

Using  over           82  gal.  daily 61.14  89.19  12  &    9 

Using  over         246  gal.  daily 22.82  66.08  13  &    9 

Using  over         820  gal.  daily 4.91  44.67  14  &  10 

Using  over      2  460  gal.  daily 1.60  37.51  13  &    9 . 

Using  over      8  200  gal.  daily 0.40  27.35  16  &  11 

Using  over    24  600  gal.  daily 0.15  19.77  14  &    9 

Using  over    82  000  gal.  daily 0.05  16.20  16  &  11 

Using  over  246  000  gal.  daily 0.02  8.25  15  &  11 

Per  j-in.  Meter 

Per  Meter.  Equivalent. 

Total  output,  gallons  daily 492  341  32  &  31 

Total  sales,  gallons  daily 359  245  32  &  31 

Not  accounted  for,  gallons  daily ...  .                    130  94  29  &  28 
Th(>  full  table  showing  the  detailed  results  here  siunmarized  is  appended. 
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These  systems  had  524  364  services  and  520  719  meters.  The 
*daily  output,  estimating  roughly  for  three  systems  where  sales 
are  reported  but  not  the  total  output,  is  about  300  million  gallons, 
or  575  gal.  per  service.  Of  this  quantity  about  140  gal.  per  service 
is  not  accounted  for. 

The  committee  is  impressed  with  the  fact  that  the  number 
of  completely  metered  systems  has  greatly  increased  in  the  last 
few  years.  Apparently,  also,  the  percentage  of  the  total  output 
that  can  be  accounted  for  in  completely  metered  systems  has  in- 
creased. Fifteen  or  twenty  years  ago  an  American  water-works 
system  that  accounted  for  60  per  cent,  of  the  total  output  was  doing 
well,  although  in  Europe,  where  the  meter  system  had  been  earlier 
used  and  more  completely  developed,  as  much  as  90  per  cent,  of 
the  output  had  been  often  accounted  for.  The  statistics  now 
collected  indicate  that  on  an  average  73  per  cent,  of  the  total 
output  is  now  accounted  for. 

Averaging  by  Systems. 

In  general,  the  average  for  each  system  has  been  obtained, 
and  then  these  averages  for  all  systems  reporting  that  item  have 
been  averaged. 

This  procedure  gives  the  data  for  small  systems  as  much  weight 
as  those  for  large  ones.  As  the  conditions  of  the  business  in  small 
systems  vary  somewhat  from  those  in  large  ones,  the  method 
tends  to  produce  a  result  which  better  represents  the  smaller 
systems  than  the  larger  ones.  The  committee  feels  it  necessary 
to  point  out  this  difference,  although  it  believes  that  the  results 
obtained  in  this  way  may  be  more  generally  useful  than  those 
that  might  be  obtained  by  another  system  of  averaging.  For 
some  of  the  items  an  average  made  up  from  the  total  figures  is 
also  given. 

Many  of  the  Reports  Partial. 

Only  a  few  of  the  reports  were  filled  out  with  reference  to  each 
item.  A  complete  answer  to  the  committee's  questions  required 
a  reclassification  of  accounts,  and  this  involved  an  amount  of 
labor  and  perhaps  also  an  additional  expense  that  some  of  those 
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who  replied  felt  could  not  be  undertaken.  This  was  stated  to  the 
committee  in  several  cases,  and  it  was,  no  doubt,  the  principal 
reason  why  returns  were  not  received  from  a  number  of  completely 
metered  systems  for  which  requests  were  made. 

In  making  up  the  statistics,  the  returns  for  each  item  are  used 
for  every  system  for  which  they  are  available.  The  different 
items  are,  therefore,  made  up  from  data  from  different  systems. 
Because  of  this  condition,  there  are  apparent  discrepancies  in  the 
averages.  No  effort  will  he  made  to  harmonize  these  differences. 
The  whole  study  is  to  be  taken  not  as  showing  an  exact  average  result, 
but  rather  as  a  compilation  of  representative  figures  that,  without 
being  precise,  gives  one  a  fair  idea  of  some  of  the  fundamental  con- 
ditions of  service  as  the  water-works  business  is  now  carried  on. 

Methods  of  Measuring  Water. 

A  majority  of  the  systems  measure  their  total  output  by  Venturi 
meters.  Where  pump  measurement  is  used,  there  is  evidence 
of  a  study  of  the  question  of  slip  in  nearly  all  cases,  and  suitable 
allowances  have  been  made.  Pitometer  measurements  were 
depended  upon  in  some  cases,  either  directly  or  for  checking  up 
the  pumps,  and  in  one  case  the  water  was  weired.  In  three  gravity 
systems  there  is  no  record  of  the  amount  of  water  supplied. 

Total  Output. 

In  32  systems  reporting,  the  average  daily  output  per  service, 
averaged  by  systems,  is  492  gal.  per  day.  The  difference  between 
this  figure  and  575  gal.  obtained  from  the  gross  quantities  indi- 
cates the  difference  that  may  result  from  different  methods  of 
handling  the  same  data,  either  of  which  considered  by  itself 
might  be  accepted  as  correct. 

Total  Sales. 

The  average  amount  of  water  sold  in  32  systems  amounted  to 
359  gal.  per  day  per  service.  It  is  to  be  noted  that  three  of  the 
32  systems  are  different  ones  from  those  used  in  coiniMitiiig  total 
output,  and  the  figures,  therefore,  are  not  directly  comparable. 
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Amount  of  Water  Not  Accounted  For. 

The  records  from  29  systems,  after  allowing  for  all  the  water 
sold  and  measured  or  otherwise  accurately  estimated,  show  an 
amount  not  accounted  for  of  130  gal.  per  service  daily.  (This 
may  be  compared  with  140  gal.  obtained  by  considering  the  total 
quantities.) 

The  water  not  accounted  for  averaged  £7.0  per  cent,  of  the  total 
output.  For  the  several  systems,  water  not  accounted  for  ranges 
from  12  to  49  per  cent.  Nine  systems,  or  nearly  one  third  of  the 
whole  number,  showed  more  than  80  per  cent.,  and  4  systems,  or 
one  seventh  of  the  whole  number  reporting,  showed  more  than 
85  per  cent,  of  the  water  accounted  for. 

The  amounts  not  accounted  for  per  service  vary  from  11  gal. 
to  385  gal.  dail3^  For  7  systems,  or  one  fourth  of  the  number 
reporting,  the  water  not  accounted  foi'  was  less  than  50  gal.  per 
service,  while  for  2  systems  less  than  40  gal.  per  service  is  reported. 

The  committee  considered  the  water  not  accounted  for  in  still 
another  way,  namely,  by  taking  in  account  the  relative  number 
of  large  meters  in  the  different  systems  and  proportioning  the  loss 
so  that  the  large  meters  would  take  their  share  in  proportion  to 
their  size.  As  the  number  of  large  meters  in  the  different  systems 
varies  rather  widely,  this  introduces  another  element  of  consider- 
able importance  into  the  calculation. 

In  carrying  this  out,  certain  rf^tios  were  assumed  as  repre- 
senting the  proportionate  capacity  of  the  larger  meters.  The 
figures  used  were  as  follows: 

Size  of 

Meter.  Relative. 

Inches.  Capacity. 

8  A 

f  ■  1.67 

1  ^  3 
U  6 

2  10 

3  22 

4  40 
6  90 
8  160 

12  360 

These  ratios  differ  slightly  for  the  larger  sizes  from  those  used 
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later  for  another  purpose  in  this  report.  The  differences  do  not 
warrant  a  recalculation  of  the  data  for  the  present  use,  and  the 
results  first  reached  are  allowed  to  stand. 

The  average  size  of  meters  in  each  system  was  computed, 
using  the  numbers  of  meters  of  each  size  and  these  ratios.  In 
this  way  it  was  found  that  the  average  size  of  all  the  meters  in 
all  the  systems  was  1.43;  that  is  to  say,  the  discharging  capacity 
of  all  the  meters  is  43  per  cent,  greater  than  it  would  be  if  all  the 
meters  were  f  in.  in  size.  In  different  systems  the  excess  ranged 
from  1  per  cent,  to  121  per  cent. 

Dividing  the  loss  per  service  for  each  system  by  the  average 
size  of  meters  for  that  system  gives  the  average  loss  per  f-in.  unit. 
Calculated  in  this  way  the  water  not  accounted  for  amounts  to 
94  gal.  daily  for  each  unit,  and  for  the  several  systems  the  range 
is  from  11  to  174  gal.  Of  28  systems,  8  show  water  not  accounted 
for  under  50  gal.  per  unit  daily. 

How  THE  Water  is  Lost. 

The  water  that  i ;  not  accounted  for  is  made  up  of  various 
sources  of  loss.  Included  among  these  may  be  mentioned  the 
following: 

1.  Leakage  from  the  mains  in  the  streets. 

2.  Leakage  from  the  service  pip^s  between  the  mains  and  tlie 
meters. 

3.  Under-registration  of  meters. 

4.  Water  used  for  various  purposes,  not  registered  or  estimated, 
as,  for  instance,  water  used  for  flushing  sewers. 

The  committee  has  no  means  of  distributing  the  total  loss 
among  the  different  sources  of  loss.  It  is  the  committee's  belief 
that  under-registration  of  meters  forms  a  substantial  part  of  the 
total  loss  in  systems  where  the  pipes  and  service  pipes  have  been 
carefully  and  systematically  followed  up  for  leakage  and  where 
there  have  been  no  considerable  uses  of  water  for  flushing  sewers 
and  similar  uses  without  record  being  made  of  it. 

As  can  be  ascertained  from  the  statistics  which  follow,  meters 
on  about  half  (48  per  cent.)  of  the  total  nunil)or  of  services  pass 
less  than  100  gal.  per  day. 

There  arc  few  meters  in  use  at  the  present  time  that  will  register 
a  steady  flow  of  as  little  as  100  gal.  per  day. 
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//  the  amount  of  water  now  shown  by  that  half  of  all  meters  which 
pass  the  smallest  quantities  of  water  were-  to  pass  at  a  uniform  rate, 
it  ivould  all  pass  as  leakage  without  moving  the  pistons  or  disks  of  the 
meters  and  would  fail  to  be  recorded. 

It  is  recorded  in  part  because  that  part  which  is  recorded  is 
drawn  at  higher  rates,  but  wherever  there  is  leakage  in  plumbing, 
so  that  the  leak  amounts  to  less  than  100  gal.  per  day,  more  or 
less,  according  to  the  sensitiveness  of  the  meter,  the  amount  of 
water  so  lost  by  leakage  will  pass  without  being  registered.  The 
water  that  is  registered  probably  is  all  drawn  in,  at  most,  one  or 
two  hours  of  total  time,  and  during  the  remaining  twenty-two 
or  twenty-three  hours  of  the  day  there  will  be  no  registration  of 
whatever  leakage  there  may  be  in  the  pluml)ing. 

Some  of  the  large-size  meters  will  pass  much  larger  quantities 
without  registering. 

Relative  Number  of  Meters  of  Different  Sizes. 

On  an  average  for  all  the  systems,  86.6  per  cent,  of  all  the 
meters  are  of  the  f-in.  size,  but  in  a  majority  of  systems  94  per 
cent,  or  more  of  all  the  meters  are  of  this  size.  Meters  1  in.  and 
over  form  3.80  per  cent,  of  the  whole  number,  and  those  2  in. 
and  over  are  1.42  per  cent.,  while  meters  4  in.  in  diameter  and 
over  are  0.30  per  cent,  of  the  total  number.  These  are  the 
figures  averaged  by  systems. 

The  figures  for  the  aggregate  number  of  meters  being  unusually 
complete,  it  may  be  of  interest  to  also  record  the  total  numbers 
and  their  distribution. 


Sizo  of 
Meter. 
Inches 

Total  Number 
of  Meters  in 
33  Systems. 

Percentage  of 
Total  Number 

1 

432  231 

84.546 

3 
4 

57  406 

11.229 

1 

11  378 

2.225 

u 

3  148 

0.616 

2 

4  005 

0.783 

3 

1-374 

0.269 

4 

1  115 

0.218 

6 

533 

0.104 

8 

46 

0.009 

10  &  12 

8 

0.002 

511240  100.000 
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In  making  u})  this  table,  a  small  number  of  f-in.  and  ^-in.  meters 
are  included  with  the  f-in.  meters,  and  a  very  few  Ij-in.  and  other 
odd  sizes  are  included  with  the  next  size  smaller. 

Classification  of  Service  by  the  Amount  of  Water 
Drawn  by  Each. 

This  classification  according  to  quantities  of  water  involved 
a  large  amount  of  labor  to  those  who  reported  to  the  committee, 
and  the  number  of  complete  returns  was  smaller  than  for  other 
items.  Nevertliel(\ss  the  returns  are  sufficiently  numerous  to 
give  a  very  good  idea  of  the  normal  distribution  of  takers  in  the 
various  classes. 

In  asking  for  this  data,  the  committee  followed  the  classifica- 
tion which  it  had  suggested  in  its  first  report  on  meter  rates,  but 
carried  it  further  by  subdividing  the  different  classes  so  as  to 
show  more  completely  the  number  of  consumers  taking  diff(M-ent 
quantities  of  water. 

In  using  the  returns  it  will  be  convenient  to  refer  to  the  quantities 
in  gallons  per  service  per  day.  All  the  figures  in  whatever  unit 
reported  have  been  reduced  to  this  basis. 

The  lowest  limit  used  in  the  classification  was  82  gal.  per  service 
per  day,  which  is  equal  to  1  000  cu.  ft.  per  quarter. 

It  is  found  that  (12  systems  reporting)  38.86  per  cent,  of  :dl  the 
takers  use  less  than  82  gal.  per  day.  Almost  the  same  numl)er, 
namely,  38.32  per  cent.,  use  between  82  and  246  gal.  per  day.  A 
further  number,  17.91  per  cent.,  use  between  246  and  820  gal.  per 
day,  making  a  total  of  95.09  per  cent,  using  less  than  820  gal.  per 
day,  or  10  000  cu.  ft.  per  ({uarter.  All  these  takers,  ninety-five 
per  cent,  of  the  whole  number,  would  come  entirel}^  under  the 
domestic  classification  suggested  in  the  coiuniit tee's  preliminary 
report . 

Following  the  classification,  3.31  per  cent,  use  b(>tween  820  and 
2  460  gal.  per  day  and  1.14  per  cent,  use  between  2  4()0  and  S  200 
gal.  per  day,  making  a  total  of  4.45  per  cent,  of  all  the  takers  that 
would  come  under  the  intermediate  classification  of  the  conunit- 
tee's  preliminary  rejxjrt. 

Of  larger  consumeis  coming  under  the  manufacturing  classifi- 
cation, 0.31  per  cent,  use  from  8  200  to  24  600  gal.  per  day;   O.IO 
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per  cent,  from  24  600  to  82  000  gal.  per  day;  0.83  per  cent,  from 
82  000  to  246  000  gal.  per  day,  and  0.02  per  cent,  over  246  000 
gal.  per  day,  making  a  total  of  0.46  per  cent,  of  the  whole  num- 
ber of  takers  that  would  use  enough  water  to  get  the  manu- 
facturing rate. 

The  data  represented  by  the  above  brief  statement  have  been 
otherwise  arranged  and  are  plotted  on  a  diagram  which  is  pre- 
sented herewith  (Plate  XVI) .  This  diagram  shows  the  percent- 
age of  the  total  number  of  consumers  taking  more  than  various 
quantities  of  water  daily,  arranged  in  a  number  of  different  ways. 
A  dotted  line  shows  them  averaged  by  the  gross  numbers  in  the 
systems  for  which  the  statistics  were  reasonably  complete.  A 
broken  line  shows  them  averaged  by  systems,  which,  as  above 
noted,  gives  one  small  system  the  same  relative  weight  in  the 
averaging  as  one  large  one.  Three  other  solid  lines  show  the 
figures  arranged  in  the  order  of  size,  the  middle  one  being  the 
medium,  so  selected  that  half  the  results  fall  below  it  and  half 
above  it,  while  the  two  lines  marked  as  the  normal  10  per  cent, 
limit  and  the  normal  90  per  cent,  limit  are  the  lines  which  include 
80  per  cent,  of  all  the  results.  Ten  per  cent,  of  the  results  fall 
outside  of  these  limits  on  either  side,  representing,  on  the  one 
hand,  systems  in  which  manufacturing  and  large  users  are 
unusually  developed,  and,  on  the  other  hand,  small  systems  in 
which  there  are  no  such  uses. 

This  diagram  shows  in  compact  space  a  more  complete  repre- 
sentation of  the  data  than  can  be  well  given  in  a  table. 

Amounts  of  Water  Sold  to  the  Above  Classes. 

Averaged  by  systems  (9  to  11  systems  reporting),  55.32  per 
cent,  of  all  the  water  is  sold  to  takers  coming  under  the  domestic 
rate;  17.32  per  cent,  is  sold  to  customers  coming  under  the  in- 
termediate rate,  and  27.35  per  cent,  to  customers  coming  under 
the  manufacturing  rate. 

Averaged  by  aggregate  numbers,  the  distribution  is  different, 
as  the  larger  systems  supply  more  water  relatively  for  manufac- 
turing purposes.  The  following  table  gives  an  approximate 
distribution  indicated  by  the  data  arranged  by  the  total  numbers 
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in  each  class  for  those  systems  for  which  reasonably  complete 
reports  are  available. 


1 

Range  in   Dailv   Quantities.      Average  Daily 
Gal.  Dailv  per  Ser\-ice.         Quantities  Sold 
per  Service. 

Per  Cent,  of 

Total    Number 

of  Services 

Coming  in 

This  Class. 

Per  Cent,  of 
Total  Output. 

Total  Output. 
Gal.  per  Day, 

from  100 
Services. 

Oto          82 

82  to         246 

246  to         820 

820  to      2  460 
2  460  to      8  200 

8  200  to    24  600 
24  600  to    82  000 
82  000  to  246  000 
Over         246  000 

51 
146 

385 

1300 
4  070 

12  700 
42  300 

120  000 
311000 

29.420 
47.865 
16.755 

3.594 
1.807 

0.356 
0.071 
0.024 
0.008 

3.41 
15.91 
14.63 

10..59 
16.64 

10.27 

16.37 

6.52 

5.66 

1500 
7  000 

6  440 

4  660 

7  320 

4  520 
7  200 
2  870 
2  490 

Total 

440 

100.000 

100.00 

44  000 

These  figures  are  made  up  by  approxmiate  methods,  with  a 
few  doubtful  returns  excluded.  They  are  believed  to  represent 
the  distribution  fairly  well  and  they  check  the  total  very  well, 
for  they  show  440  gal.  per  service  on  an  average  sold,  and  adding 
the  140  gal.  per  service  not  accounted,  which  is  the  average  from 
the  total  number,  makes  580  gal.  per  service.  This  checks  ap- 
proximately the  575  gal.  found  by  direct  division. 

Quantity  of  Water  Delivered  by  Meters  of  Various  Sizes. 

The  statistics  collected  by  the  committee  permitted  an  approxi- 
mate study  to  be  made  of  the  amounts  of  water  delivered  by 
meters  of  various  sizes.  This  study  is  made  by  graphical  methods 
(plotting  on  logarithmic  paper)  and  is  approximate.  It  rests  on 
the  fundamental  assumption  that  the  largest  meter  in  any  sys- 
tem supplies  that  service  in  the  system  from  which  most  water 
is  drawn;  and  that  all  the  other  services  are  to  be  assigned  to  the 
meters  of  the  several  sizes  in  the  order  of  their  outputs.  This  is 
not  strictly  correct,  but  for  practical  purposes  it  may  not  be  much 
in  error,  because  there  are  bound  to  be  as  many  larger  meters 
coming  under  any  given  limit  as  there  are  smaller  meters  exceed- 
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ing  it.  There  will  be  some  variations  both  ways,  but  in  the 
aggregate  these  will  balance. 

Examined  in  this  way,  it  appears  that  the  normal  maximum 
output  for  one  |-in.  meter  (data  from  11  systems)  is  705  gal.  per 
day.  In  other  words,  averaged  by  systems  there  are  as  many 
|-in.  meters  as  there  are  services  from  which  less  than  705  gal. 
per  day  are  drawn.  The  average  output  from  all  the  f-in.  meters 
is  considerably  less  than  this.  Averaged  by  sj^stems,  it  seems 
to  be  about  116  gal.  per  day.  The  705  gal.  per  day,  or  8  600 
cu.  ft.  per  quarter,  is  the  normal  maximum  limit  for  output  of  a 
meter  of  this  size. 

Different  systems  vary  rather  widely  in  the  maximum  limits 
for  f-in.  meters,  quantities  ranging  froni  220  to  1  370  gal.  daily 
being  found.  This  difference  is  to  be  attributed  principally 
to  the  divergence  in  practice  with  reference  to  the  use  of  f-in. 
meters  on  the  larger  domestic  services. 

The  classification  of  quantities  is  not  available  for  some  of  the 
systems  using  the  largest  proportion  of  f-in.  meters,  and,  if  these 
statistics  were  available  and  were  included,  it  is  probable  that  it 
would  lower  considerably  the  average  limit  for  the  f-in.  meter 
probably  to  between  300  and  400  gal.  daily.  There  is  a  similar 
but  less  marked  variation  at  the  line  between  the  l|-in.  and  the 
2-in.  meters. 

In  a  similar  way,  the  average  maxinmm  outputs  for  other  sizes 
of  meters  are  as  follows: 


Size  of 
Meter. 
Inches. 

Normal 

Maximum  Output. 

Gal.  per  Day 

Corresponding 

Number  of 

Cubic  Feet 

per  Quarter. 

1 

705 

8  600 

1 

1200 

15  000 

1 

2  050 

25  000 

H 

2  740 

33  500 

2 

7  580 

93  000 

3 

13  900 

170  000 

4 

40  200 

490  000 

The  detailed  figures  show  considerable  divergence  of  practice 
with  reference  to  the  amounts  of  water  that  meters  of  all  sizes 
will  handle,  but  the  divergence  with  respect  to  the  line  of  divi- 
sion between  f-in.  and  f-in.  meters  is  much  greater  than  else- 
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where,  and  the  eonimittee  suggests  that  an  interesting  and  profit- 
able subject  for  discussion  by  the  Association  would  be  the  ques- 
tion as  to  whether  it  is  better  to  use  a  f-in.  meter  or  a  f-in.  meter 
for  services  drawing  from  300  to  1  000  gal.  per  day.  Such  a 
discussion  would  tend  to  establish  the  principles  that  should 
govern,  and  it  might  aid  in  reaching  a  more  logical  and  scientific 
method  of  determining  the  size  of  meters  required  for  various 
services. 

It  is,  of  course,  true  that  services  are  occasionally  found  which 
require  water  at  a  certain  rate,  and  where  that  rate  determines 
the  size  of  meter  even  though  the  total  aggregate  draft  is  small, 
but  it  would  seem  as  though,  generally  speaking,  some  relation 
between  the  normal  rate  of  draft  and  the  size  of  meter  in  the 
larger  domestic  services  might  be  found. 

The  distribution  of  the  whole  output  among  meters  of  different 
sizes,  estimated  by  the  aid  of  graphical  and  roughly  approximate 
methods  (subdividing  as  a  matter  of  interest  the  |-in.  meters 
into  four  divisions)  is  shown  by  the  following  table: 


In  this  connection,  a  table  from  the  New  Orleans  annual  re- 
ports for  the  years  1913  and  1914,  George  G.  Earl,  general  superin- 
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tendent,  shows  the  average  daily  drafts  of  water  by  meter  sizes 
as  follows: 

Size  of  Average  Draft  per  Service. 

Meter.  Gal.  per"  Day. 

Inches.  1913.  1914. 

f  148  162 

f  370  410 

1  1  120  1  100 
Ih  2  400  3 100 

2  ^    6  100  6  500 

3  33  800 

4  8  350 

6  9  850 

8  45  700 

This  record  is  unique  and  most  interesting.  It  is  comparable 
with  the  average  results  deduced  by  the  committee  from  the 
statistics  furnished  to  it.  The  committee  suggests  that  others 
might  find  it  advantageous  to  follow  this  method  of  keeping  track 
of  sales  classified  by  meter  sizes.  With  books  arranged  for  that 
purpose,  it  would  not  appear  that  the  additional  labor  involved 
would  be  great. 

Conclusions. 

The  committee  concludes  that  with  present  American  condi- 
tions, with  a  pipe  system  that  has  been  carefully  watched  for 
leaks  and  made  as  tight  as  it  is  reasonably  practical  to  make  it, 
with  complete  metering  and  with  meters  carefully  tested  and  kept 
in  order  in  accordance  with  the  best  current  practice,  one  ma}' 
reasonably  hope  at  the  present  time  to  reduce  the  unaccounted- 
for  water  to  20  per  cent,  of  the  total  output,  or  to  from  60  to  80 
gal.  per  service  daily.  Some  systems  that  are  well  managed  fall 
short  of  these  standards,  and  occasionally  more  favorable  con- 
ditions may  be  reached  and  still  lower  figures  obtained. 

Better  systems  of  testing  old  pipes  in  streets  and  service  pipes 
between  the  street  mains  and  the  meters,  a  raising  of  the  standard 
of  efficiency  of  small  meters  at  low  rates  of  flow,  the  use  of  com- 
pound meters  or  other  improved  devices  for  making  certain  the 
registration  of  low  flows  through  the  larger  meters,  and  estimating 
carefully  by  the  best  available  means  the  amounts  of  water 
drawn  for  all  uses  where  measurement  by  meter  is  not  possible. 
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will  all  tend  to  increase  the  amount  of  water  that  can  be  accounted 
for. 

Information  as  to  the  normal  distribution  of  business  between 
large  and  small  takers  and  of  the  normal  range  of  output  for 
various  meter  sizes,  made  available  by  the  statistics  presented, 
should  be  helpful  in  discussing  the  question  of  meter  rates  and 
their  classification  and  especially  in  fixing  fair  service  charges 
for  meters  of  the  larger  sizes. 

Service  Charges  for  Large  Meters. 

Considerable  interest  in  this  subject  is  indicated  by  the  intjuiries 
that  have  come  to  the  committee  in  regard  to  it.  It  is  the  com- 
mittee's view  that  the  service  charge  for  all  meters,  like  the  price 
per  1  000  gal.  of  water,  should  be  left  to  local  judgment  and  should 
be  fixed  in  accordance  with  local  conditions,  and  that  the  com- 
mittee should  make  no  invariable  recommendation  in  regard  to  it. 

The  committee  has  already  made,  in  its  preliminary  report,  a 
suggestion  with  regard  to  the  service  charge  for  f-in.  meters,  and 
a  like  suggestion  in  regard  to  the  service  charges  for  larger  meters 
coming  from  this  conunittee  may  be  helpful  to  man}-  members. 

The  following  study  is  made  as  to  fair  charges  for  larger  meters. 

Service  charges  for  large  meters  should  be  based  in  a  general 
way  upon  their  carrying  capacity.  The  carrying  capacities  of 
different  meters  of  the  same  size  vary  greatly,  and  it  is  no  easy 
matter  to  get  a  general  basis  that  will  be  sufficiently  accurate 
at  all  points.  The  committee  considers  in  a  general  way  that  a 
2-in.  meter  is  equivalent  in  discharging  capacity  to  ten  l-hi. 
meters,  and  it  takes  a  2-in.  meter  as  the  starting  point  for  tlu^ 
discussion. 

Comparison  may  be  made  on  the  basjs  of  areas,  that  is,  by  the 
squares  of  the  diameters.  In  the  case  of  largei-  meters,  this  is 
nearly  accurate.  In  the  case  of  smaller  ones,  the  diametei's  used 
to  designate  the  meters  are  understood  to  be  nominal  and  may 
differ  somewhat  from  the  exact  figures.  Nevertheless,  the  areas 
computed  from  these  diameters  do  give  something  of  an  idea  of 
the  relative  capacities. 

The  relative  carrying  caj^acities  of  disk  meters  at  a  fixed  loss 
of  head,  as  given  in  the  American  Civil  Engineers'  Pocket l)ook 
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page  967,  maj^  be  used.  It  is,  of  course,  understood  that  different 
makes  of  meters  vary  a  good  deal  in  their  capacities.  The  figures 
mentioned  were  compiled  by  the  chairman  of  this  committee,  some 
years  ago,  after  receiving  returns  from  various  manufacturers  of 
meters  and  examining  records  of  experiments  by  a  number  of 
members  of  the  Association,  and  they  were  selected  as  being  rep- 
resentative of  the  different  sizes.  Round  figures  were  used,  and 
they  are  to  be  taken  as  a  general  indication  only. 

The  maximum  normal  amount  of  water  supplied  by  each  size, 
as  deduced  by  this  committee  from  the  returns  made  to  it  in  the 
inquiry  with  reference  to  waste  prevention,  may  also  be  used. 
The  figures  obtained  in  this  way  represent  only  a  limited  amount 
of  data,  but  that  is  the  best  of  its  kind  now  available  to  the  com- 
mittee. There  are  some  irregularities  in  the  scale.  For  instance, 
2-in.  and  4-in.  meters  are  distinctly  more  popular  and  are  used 
in  larger  relative  numbers  than  some  of  the  intermediate  sizes, 
and  in  fixing  the  normal  capacity  of  meters  the  influence  of  the 
tendency  must  be  discounted  to  reach  the  fair  relative  capacities. 

The  relative  capacities  of  meters  of  several  sizes  calculated 
in  each  of  these  three  ways,  taking  the  capacity  of  a  2-in.  meter 
as  ten  in  each  case,  are  as  follows: 


Ratio    of  Carrying 

Ratio  of  Maximum 

Size  of  Meter. 

Capacities  of  Disk 

Normal    Outputs 

Ratio  Used  for 

Inches. 

Meters  at  Fixed 
Loss  of  Head. 

Indicated  by  Com- 
mittee's Statistics. 

This  Discussion. 

5 

0.98 

1.14 

0.93 

1.0 

3 

1.41 

1.85 

1.59 

1.7    , 

1 

2.50 

3.20 

2.71 

3       ' 

u 

r:>.cy2 

6.25 

3.60 

6 

2 

10.00 

10.00 

10.00 

10 

3 

22.50 

20.80 

18.40 

20 

4 

40.00 

35.00 

.53.00 

30 

6 

90.00 

62.50 

60 

Service  Charges  Deduced  from  These  Ratios. 

In  the  preliminary  report  of  this  committee,  of  September  9, 
1914,*  it  was  suggested  "  that  the  service  charge  for  a  f-in.  meter 
would  be  made  up  of  three  parts,  namely,  — 

*  Journal  N.  E.  W.  W.  A.,  XXVIII.  199. 
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"  First,  10  per  cent,  of  the  average  investment  of  the  works  in 
the  service  pipe  and  meter. 

"  Second,  $1  per  annum  for  reading  meters,  InHing,  and  col- 
lecting. 

"  Third,  $2  per  annum  for  the  probable  value  of  unregistered 
water. 

"  For  a  domestic  service  cha  ge  with  f-in.  meter,  the  ordinary 
service  charge  may  properly  be  $3  when  the  service  and  meter 
are  paid  for  by  the  taker;  $4  when  the  meter  is  furnished  by  the 
works;  and  $5  or  $6  where  both  metei'  and  service  pipe  are  paid 
for  b}^  the  works;  the  lower  figure  being  used  where  the  average 
cost  of  the  service  pipe  is  under  $15  and  the  higher  where  it  is 
greater  than  $15." 

The  item  in  this  calculation  for  a  large  meter  corresponding 
to  the  $2  per  animm  in  the  above  schedule,  "  for  the  probable 
value  of  unregistered  water,"  must  also  cover  any  cost  to  the 
system  that  there  may  be  in  the  extension  of  mains  and  other 
facilities  that  will  be  necessary  in  connection  with  the  use  of  large 
service  connections,  and  any  value  that  there  may  be  to  the  taker 
in  having  large  quantities  of  water  available  instant  1}^  for  any 
purpose. 

With  reference  to  the  amount  of  water  under-iegistered  by 
large  meters,  it  is  interesting  to  note  that  in  the  experiments 
made  by  F.  C.  Kimball,  at  Knoxville,  presented  to  this  Associa- 
tion on  September  10,  1903,*  that  of  nine  6-in.  meters  furnished  by 
their  makers  for  test,  only  three  were  ai)le  to  register  a  flow  of 
4  500  gal.  per  day.  In  other  words,  in  a  majority  of  new  6-in. 
meters,  4  500  gal.  per  day  would  pass  entirely  without  registra- 
tion. At  10  cents  per  thousand  gallons,  such  an  amount  of  leak- 
age continuously  for  a  year  amounts  to  $164;  and  if,  on  an  aver- 
age of  6-in.  meters,  the  leakage  amounts  to  one  half  this  (juantity, 
it  amounts  to  $82  per  annum. 

The  possibility  of  loss  of  this  (juantity  of  water,  and  in  some 
cases  of  a  much  greater  quantity,  is  not  to  be  taken  as  the  sole 
ground  for  the  service  chai-ge.  Nevertheless,  the  facts  that  such 
losses  are  possible;  that  such  losses  do  exist  in  many  or  most 
services ;  that  the  works  have  to  furnish  the  water  that  is  so  lost ; 

♦  Journal  N.  E.  W.  A..  XVII.  p.  305. 
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that  water  costs  money,  and  that  the  value  of  the  water  lost 
must  be  made  up  in  some  way,  are  among  the  substantial  elements 
that  must  be  considered  in  arriving  at  an  equitable  service  charge. 
Following  the  matter  further,  the  service  charges  for  larger 
meters  are  reached  as  follows: 


Service  Charge, 

Size  of  Meter. 

Relative 

$2  per  Unit  of 

being  $2  per  Unit 

Round  Figure 

Inches. 

Capacity. 

Capacity. 

of  Capacity 
with  $1  Added. 

to  be  Used. 

f 

$1 

■       $2 

$3 

$3 

3 

1.7 

3.40 

4.40 

5 

1 

3 

6 

7 

7 

If 

6 

12 

13 

12 

2 

10 

20 

21 

20 

3 

20 

40 

41 

40 

4 

30 

60 

61 

60 

6 

60 

120 

121 

120 

It  is  interesting  to  see  how  much  per  thousand  gallons  the 
application  of  these  service  charges  would  amount  to  for  quantities 
of  water  that  may  be  taken  as  the  normal  outputs  for  meters  of 
the  different  sizes. 

Taking  annual  quantities  and  smoothing  the  figures  a  little, 
by  taking  into  account  both  the  actual  performance  as  indicated 
by  the  committee's  returns  and  the  possible  performance  as  indi- 
cated by  the  relative  capacities  of  the  meters,  we  have  the  fol- 
lowing tabular  statement: 


Service 

Service 

Greatest 

Least 

Charge 

Charge 

Normal  Quan- 

Normal Quan- 

in Cents  per 

in  Cents  per 

Size  of 

Service 

tity  per  Annum, 

tity  per  Annum, 

Thousand  Gal. 

Thousand  Gal. 

Meter. 

Charge. 

Thousands 

Thousands 

for  Greatest 

for  Least 

Inches. 

of  Gallons. 

of  Gallons. 

Normal 
Quantity. 

Normal 
Quantity. 

5 

$3 

300 

0 

1.00 

3 

5 

.500 

300 

1.00 

1.67 

1 

7 

900 

,500 

0.78 

1.40 

n 

12 

1800 

900 

0.67 

1.33 

2 

20 

3  000 

1800 

0.67 

1.11 

3 

40 

6  000 

3  000 

0.67 

1.33 

4 

60 

.'    9  000 

6  000 

0.67 

1.00 

6 

120 

18  000 

9  000 

0.67 

1.33 
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This  indicates  that,  for  the  |-in.  meter  on  the  largest  services 
normally  handled  by  meters  of  this  size,  the  service  charge  will 
amount  to  1  cent  per  1  000  gal.  With  one  sixth  of  this  amount 
passing,  which  perhaps  approximately  represents  the  average 
work  of  a  f-in.  meter,  the  service  charge  is  equivalent  to  about 
6  cents  per  1  000  gal.  The  table  shows  the  corresponding  figures 
for  all  the  sizes.  For  the  larger  meters  the  service  charge  ranges 
from  I  of  a  cent  per  1  000  gal.  for  meters  working  to  the  ordinary 
limit  of  their  capacity,  increasing  to  an  average  of  about  1^  cents 
per  1  000  gal.  for  meters  passing  the  smallest  normal  quantity, 
which  is  taken  as  equal  to  the  greatest  normal  quantity  handled 
by  a  meter  of  the  next  smaller  size.  In  other  words,  in  a  general 
wa}^  for  manufacturing  meters  the  service  charges  adjusted  in 
this  way  would  vary  between  f  of  a  cent  and  1^  cents  and  probably 
would  average  about  1  cent  per  1  000  gal.  for  meters  working  at 
normal  capacity. 

In  connection  therewith,  a  manufacturing  rate  would  naturally 
be  selected  about  1  cent  per  1  000  gal.  less  than  would  be  used  if 
these  service  charges  were  not  to  be  collected. 

With  this  procedure  followed,  the  water  works  could  always 
let  the  taker  select  the  size  of  meter.  If  the  taken? selected  a 
large  one,  the  works  would  be  insured  of  a  return  for  it  connnen- 
surate  with  its  cost  and  with  the  probable  general  cost  of  supply- 
ing the  extra  mains  and  connections  required  in  connection  there- 
with and  of  standing  the  extra  losses  of  water  by  leakage  and 
under-registration  that  also  must  be  anticipated.  In  other 
words,  the  water- works  plant  would  have  no  objection  to  the 
installation  of  large  meters  in  any  numljer  if  the  takers  were  willing 
to  pay  for  them.  This  the  committee  believes  is  a  logical  con- 
dition for  the  best  interests  of  the  business.  It  can  only  be  se- 
cured by  the  use  of  an  adequate  service  charge. 

If  any  taker  has  a  meter  which  is  worked  to  the  limit  of  its 
capacity,  that  is  to  say,  one  that  is  supplying  more  than  the 
ordinary  maximum  assumed  for  that  size  of  meter,  the  effect 
would  be  that  such  a  taker  would  get  automatically  a  small  dis- 
count on  his  bill,  because  the  service  charge  for  that  meter  would 
be  applied  to  the  larger  (luantity  of  water  drawn  through  it. 
On  the  other  hand,  if  a  meter  considerai)ly  larger  tlian  neeiled, 
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or  than  is  usual  for  the  quantity  drawn,  were  used,  the  service 
charge  would  amount  to  more  per  1  000  gal.  than  the  normal 
amount  and  the  taker  would  be  paying  something  extra  for  the 
extra  capacity  required  and  furnished  to  him  by  the  works. 

The  use  of  such  service  charges  would  tend  to  discourage  the 
use  of  unnecessarily  large  service  connections  and  meters,  and 
this  is  a  desirable  condition.  On  the  other  hand,  with  a  one  cent 
reduction  in  the  manufacturing  rates,  there  is  no  increase  in  bills 
in  case  of  a  normally  busy  meter. 

The  committee  suggests  further  that  the  service  charge  always 
be  reckoned  on  the  size  of  meter  and  not  on  the  size  of  service 
pipe,  thus  giving  an  opportunity  to  one  who  has  put  in  a  meter 
that  is  too  large  to  substitute  a  smaller  one  and  get  the  benefit 
of  the  smaller  service  charge  without  having  to  change  his  service 
pipe.  This  arrangement  also  permits  the  use  of  a  larger  service 
pipe  than  is  needed  to  anticipate  reduction  of  carrying  capacity 
by  corrosion  through  a  long  term  of  years,  without  requiring  the 
use  of  an  unnecessarily  large  meter,  with  payment  therefor. 

The  figures  above  mentioned  in  no  case  include  10  per  cent,  of 
the  cost  of  the  service  and  meter  as  far  as  paid  for  by  the  works 
and  included  by  the  committee  as  part  of  the  service  charge  on 
f-in.  meters,  and  this  allowance  should  be  added  wherever  the 
customer  does  not  pay  the  first  cost  of  the  service  and  meter. 

Conclusion. 

Your  committee,  after  considering  the  further  discussions  by 
members  of  the  Association,  renews  its  reconmiendation  that  the 
Association  adopt  the  form  of  meter  rate  schedule  presented  to  it 
by  your  committee,  and  printed  on  page  361  of  the  Journal  of 
this  year,  as  a  standard  form  of  rate  for  gradual  adoption  as  meter 
rates  are  revised  and  when  new  rates  are  to  be  made. 

This  schedule  is  drawn  in  terms  so  broad  that  it  covers  both 
the  uniform  rate  for  all  quantities  as  now  used  by  a  few  systems 
and  the  sliding  scale  which  is  in  much  more  general  use. 

Its  principal  advantage  is  that  it  simplifies  and  standardizes 
the  sliding  scale  and  also  the  question  of  whether  a  minimum  rate 
or  a  service  charge  shall  be  used  and  the  question  of  how  the 
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amount  shall  be  determined  and  applied,  but  it  does  this  in  a  way 
that  permits  the  uniform  rate  to  be  used  where  it  is  preferred. 

The  committee  believes  that  this  form  of  schedule  provides 
all  needed  flexibility  for  present  water-works  conditions  and  that 
it  will  do  away  with  many  unjust  discriminations  contained  in 
existing  schedules  of  meter  rates,  and  that  its  adoption  will  facili- 
tate comparison  between  rates  in  different  systems. 

The  committee  believes  that  it  has  now  completed  all  th(^  work 
that  it  has  been  asked  to  undertake,  and  it  requests  that  it  be 
discharged. 

Respectfully, 

Allen  Hazen,  Chairman, 

A.  W.  CUDDEBACK, 

A.  E.  Blackmer, 
James  L.  Tighe, 
Charles  R.  Bettes, 
Philander  Betts, 

Committee  on  Meter  Rates. 

discussion. 

Mr.  Allen  Hazen.*  Perhaps  I  may  saj^  a  few  words  in  re- 
gard to  this  schedule, t  the  adoption  of  which  is  recommended  by 
your  committee.  The  discussions  that  have  taken  place  show 
that  there  has  been  some  misunderstanding  in  regard  to  what  it 
proposes,  although  I  think  a  reading  of  the  preliminary-  report 
and  the  final  report  w^ould  clear  these  up. 

This  proposed  schedule  does  not  fix  meter  rates.  It  sinii)ly 
fixes  a  form  and  leaves  the  rates  to  be  written  in,  larger  or  smaller 
as  local  conditions  require.  The  form  of  the  schedule  permits 
the  sHding  scale,  l)ut  does  not  require  it.  It  is  broad  enough  to 
cover  either  a  uniform  rate-  or  the  sliding  scale.  At  the  present 
time  I  suppose  nine  tenths  of  all  the  water-works  systems  in  the 
country  use  the  sliding  scale;  but  the  sliding  scale  as  now  used  is 
tremendously  varying.  There  ai-e  almost  as  many  forms  of  it  as 
there  are  water-works  systems.  The  committee  believed  tiiat 
one  simple  standard  form  would  answer  just  as  well  and  a  great 

*  Of  Hazen,  Whipple  and  Fuller,  New  York, 
t  XXX,  361.     Presented  Februari'  9.  1916 
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deal  better  than  these  endless  variations,  and  the  form  suggested 
is  the  one  which  the  committee  believes  will  be  most  generally 
serviceable. 

Adopting  this  form  of  schedule,  then,  means  standardizing  the 
sliding  scale  and  standardizing  it  in  such  a  way  that  one  who 
prefers  the  uniform  rate  can  use  it. 

And  in  connection  therewith  the  committee  has  made  recom- 
mendations in  regard  to  service  charges,  although  the  amounts  of 
the  service  charges  that  have  been  suggested  by  the  committee 
are  not  part  of  the  form  of  schedule  that  is  recommended  for  adop- 
tion. The  committee  thinks  that  these  amounts  should  not  be 
adopted,  but,  like  meter  rates,  should  be  left  open  for  discussion 
in  individual  cases.  The  committee  hopes  its  suggestions  will  be 
helpful,  but  it  does  not  want  to  make  them  binding  on  any  one. 

Now,  a  good  deal  of  the  discussion  of  the  committee's  report 
related  to  the  relative  merits  of  the  uniform  rate  and  the  sliding 
scale.  That  was  a  matter  which  the  committee  did  not  report 
upon.  The  form  of  rate  schedule  proposed  by  the  committee  is 
broad  enough  to  cover  both  kinds  of  rates.  There  are  many 
members  of  the  Association  who  believe  that  the  uniform  rate  is 
the  logical  form  for  use,  and  they  may  be  right.  I  was  disposed 
myself  some  time  ago  to  think  that  a  uniform  rate  in  connection 
with  adequate  service  charges  would  be  fairest,  but  further  study 
of  the  question  has  shaken  my  confidence  in  that  earlier  conclusion. 

The  whole  cost  of  supplying  water  may  be  divided  into  three 
parts.  There  are  various  ways  of  classifying  it,  but  I  suggest  for 
your  attention  this  division.  The  annual  cost  may  be  most  con- 
veniently considered. 

First,  the  cost  of  supplying  water,  including  all  the  costs  that 
there  are  up  to  the  point  when  the  water  is  delivered  under  pres- 
sure at  a  reasonably  central  point.  This  includes  interest  (or  a 
proportional  part  of  the  net  profits)  on  the  whole  investment  or 
worth  of  the  supply  works  and  of  the  land  held  for  use  in  connec- 
tion with  the  supply ;  the  depreciation  on  those  works ;  all  oper- 
ating expenses,  and  a  pro-rata  division  of  general  expenses  of  all 
kinds  that  cannot  otherwise  be  assigned  to  a  part  of  the  service. 

Second,  the  cost  of  distribution,  including  all  the  costs  that 
there  are  for  pipes  in  the  streets  and  distributing  reservoirs,  and 
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the  care  of  the  pipes  and  the  work  that  is  done  to  prevent  and 
stop  leakage,  and  the  value  of  whatever  water  may  be  lost  as 
leakage  from  the  pipes  in  the  streets. 

Third,  the  service  cost,  including  the  costs  of  service  pipes  and 
meters  as  far  as  they  are  borne  by  the  water- works  department, 
and  all  the  costs  of  reading  meters,  billing,  collecting,  and  general 
office  expenses,  and  the  value  of  whatever  water  may  be  lost  as 
leakage  or  as  under-registration  of  meters. 

The  whole  annual  cost  of  supplying  water  may  be  divided  into 
these  three  parts,  and  the  division  may  be  made  complete  by 
dividing,  pro-rata,  taxes,  salaries  of  general  officers,  etc.,  so  that 
every  cent  of  the  gross  income  is  assigned  to  one  of  the  three  parts. 
Now,  then,  the  cost  of  the  water  per  thousand  gallons  is  the 
cost  of  water  under  the  first  heading  divided  by  the  total  annual 
output,  and  this  cost  is  the  first  part  of  the  meter  rate.  That 
ought  absolutely  to  go  with  every  gallon  of  water  that  is  supplied, 
and  it  ought  to  be  uniform  to  every  one,  whether  a  person  takes 
one  gallon  or  a  million. 

To  drop  for  a  moment  our  logical  order,  the  service  costs  in 
the  third  heading  can  best  be  assessed  on  the  takers  as  service 
charges.  They  can  be  and  often  are  cari'ied  in  other  ways;  that 
is  to  say,  they  can  be  loaded  as  a  price  per  thousand  gallons  on 
the  water  sold,  but  the  simplest  and  fairest  way  is  to  have  all  the 
service  costs  assessed  on  the  services  in  proportion  to  their  sizes, 
and  that  is  what  the  committee  thinks  should  be  done. 

We  have  left  for  disposal  the  distribution  cost  under  the  second 
heading.  A  part  of  the  distribution  cost  is  the  fire  service  cost. 
Most  of  the  fire  service  cost  is  included  in  the  distribution  cost. 
Most  water-works  systems  receive  some  revenue  for  fire  protec- 
tion; most  of  them  receive  very  much  less  foi-  fire  protection  than 
the  fire  protection  is  really  worth.  The  tlifference  —  that  is,  the 
excess  in  fair  value  over  actual  collections  —  has  to  be  carried  by 
the  water  rates.  This  unpaid  pai't  of  the  cost  of  fire  service  has 
to  be  paid  by  the  water-takers  in  some  form.  They  also  must 
bear  all  the  other  costs  of  distribution.  When  actual  receipts  for 
fire  service  are  taken  out,  all  the  rest  of  the  cost  of  distribution  of 
the  water  has  to  be  carried  by  the  water  rates  in  som(>  way.  The 
money  must  be  raised.     Now,  how  is  it  going  to  be  done? 
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Some  people  have  thought  that  the  distribution  cost  should  be 
added  to  the  service  charge.  There  is  a  good  deal  to  be  said  in 
favor  of  that  view.  That  view  has  been  reflected  in  the  Wiscon- 
sin Commission's  decisions,  and  in  the  writings  of  some  people  who 
have  studied  the  matter  closely.  As  far  as  the  larger  services  are 
concerned,  I  think,  perhaps,  that  is  as  good  a  way  as  could  be 
adopted.  But  the  rub  comes  with  the  |-in.  meters.  Ninety  per 
cent.,  more  or  less,  of  all  services  are  through  |-in.  meters,  and  a 
service  charge  adjusted  to  the  size  of  the  meter  is  absolutely  uni- 
form for  90  per  cent,  of  all  the  takers.  Now,  the  90  per  cent,  of 
the  takers  who  use  f-in.  meters  do  not  represent  by  any  means 
uniform  conditions;  they  represent  quite  the  reverse.  There  is 
the  greatest  diversity  of  conditions  among  those  consumers.  And 
if  the  whole  of  the  load  of  the  distribution  cost  is  added  to  the 
service  charges  on  meters,  and  all  f-in.  meters  carry  the  same  load, 
it  means  that  the  smallest  takers,  the  smallest  houses,  are  assessed 
to  a  point  that  it  isn't  wise  to  attempt  to  assess  them  and  to  a 
point  that  the  business  won't  stand.  As  a  practical  proposition, 
gentlemen,  you  can't  do  it.  The  service  charge  cannot  be  loaded 
in  that  way,  and  the  reason  for  it  is  that  90  per  cent,  of  your  serv- 
ices are  through  the  same  size  of  meters.  There  isn't  any  reason 
for  splitting  up  this  90  per  cent,  of  the  meters  into  different  sizes, 
and  the  committee  does  not  know  of  any  ready  way  by  which 
those  services  can  be  classified  and  different  service  charges  ap- 
plied to  some  of  them  from  those  that  are  used  for  others.  So 
loading  the  whole  distribution  cost  on  the  service  charges  practi- 
cally cannot  be  done. 

Now,  another  way  is  to  load  it  all  on  the  price  of  the  water.  If 
we  divide  the  whole  cost  of  distribution  by  the  whole  quantity  of 
water  that  is  sold,  we  have  the  average  total  unit  cost  of  distri- 
bution that  can  be  added  to  the  cost  of  the  water.  That  can  be 
done.  That  results  in  the  uniform  rate,  and  if  it  is  desired,  that 
is  all  right.  But  looking  at  it  as  a  matter  of  cost  to  the  works,  the 
average  industrial  service,  as  the  committee  finds  from  these  sta- 
tistics, takes  30  000  gal.  of  water  per  day.  The  average  domestic 
service  takes  just  over  100  gal.  per  day.  Anybody  knows  that  it 
costs  more  per  1  000  gal.  to  handle  two  or  three  hundred  domestic 
services  with  two  for  three  miles  additional  street  pipe  than  it 
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does  to  serve  one  manufacturing  establishment.  From  the  stand- 
point of  cost  of  service,  from  the  standpoint  of  ordinary  business 
methods,  an  industrial  service,  taking  an  average  of  30  000  gal. 
per  day,  naturalh'  would  get,  and  under  American  practice  in  nine 
cases  out  of  ten  does  get,  a  lower  rate  per  1  000  gal.  than  a  do- 
mestic consumer  taking  only  100  gal.  per  day.  It  is  cheaper 
relatively  to  maintain  the  service  of  the  large  taker,  and  all  the 
conditions  of  business,  and  nearly  all  the  precedents,  are  in  favor 
of  that  arrangement.  If  the  uniform  rate  is  adopted,  the  manu- 
facturer is  loaded  to  pay  for  the  deficiency  in  revenue  on  the  small 
services.  That  can  be  done.  No  system  of  water  rates  will  dis- 
tribute the  load  just  where  it  ought  to  go,  and  it  may  be  that  the 
inequalities  that  grow  out  of  the  uniform  rate  are  not  so  great 
that  they  cannot  be  tolerated. 

But  the  other  point  of  view  is  that,  because  of  the  well-known 
greater  cost  of  service  in  supplying  the  small  customers,  this  load 
is  not  to  be  distributed  on  all  the  water  evenly,  but  instead  it  is  to 
be  distributed  unevenly,  putting  some  of  it  on  all  of  the  water  and 
more  of  it  on  the  water  drawn  by  smaller  services  and  on  those 
that  are  intermediate  in  size. 

That,  gentlemen,  results  in  the  sliding  scale.  Perhaps  it  does 
not  all  work  out  in  a  way  that  you  will  think  is  ideal;  theie  may 
be  objections  to  it,  but  I  am  inclined  to  think,  from  the  standpoint 
of  the  cost  of  the  service  and  from  the  standpoint  of  the  value  of 
the  service  to  the  takers,  that  perhaps  a  scale  with  a  moderate 
amount  of  slide  in  it  comes  nearer  to  doing  even-handed  justice 
between  all  the  classes  of  consumers  than  anything  else  which  can 
be  suggested  at  this  time. 

Most  of  the  arguments  that  have  been  presented  to  this  Asso- 
ciation and  to  this  committee  against  the  sliding  scale  have  been 
directed  against  scales  with  excessive  amounts  of  slide;  and  I 
think  they  arc  absolutely  sound  when  used  in  that  way.  That  is 
to  say,  scales  that  slide  so  much  that  the  manufacturer  gets  water 
for  a  fifth  or  a  tenth  of  the  price  jiei-  1  000  gal.  that  is  paid  b}^  the 
domestic  consumer  cannot  be  defended  in  this  year  1916.  They 
may  have  grown  out  of  conditions  that  existed  many  years  ago 
when  the  water-works  business  was  young,  and  they  maj'  have 
been  justified  by  earlier  conditions.     I  think  as  a  matter  of  fact 
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that  they  are  mostly  inheritances  that  have  come  clown  from 
earher  times,  and  whether  or  not  they  were  right  when  they  were 
adopted  does  not  much  concern  us  now.  But  at  the  present  time 
such  rates  cannot  be  justified.  They  are  discriminatory,  and  the 
arguments  which  have  been  presented  against  the  shding  scale, 
as  far  as  they  relate  to  scales  with  such  a  great  amount  of  slide, 
are  absolutely  sound,  and  the  committee  agrees  fully  that  such 
excessive  slides  ought  not  to  be  permitted. 

The  committee  did  not  think  it  was  its  function  to  determine 
absolutely  the  amount  of  slide  in  the  scale,,  but  it  did  express  to 
the  Association  in  no  uncertain  terms  that  it  thought  the  amount 
of  slide  should  very  rarely  exceed  a  2-to-l  ratio. 

That,  gentlemen,  is  what  the  committee  has  tried  to  do  in  this 
report  which  is  before  you,  and  I  want  to  add  that  this  form  of 
rates  which  has  been  recommended  to  the  Association  has  already 
been  adopted  by  the  Hackensack  Water  Company,  a  company 
supplying  water  in  the  suburbs  of  New  York  to  some  300  000 
people  more  or  less.  That  has  been  brought  about  largely  by 
one  member  of  our  committee;  and  I  understand  from  Mr.  Sher- 
man that  it  has  also  been  adopted  at  Middletown,  Conn.,  and  it 
is  also  under  consideration  in  a  number  of  places  where  the  ques- 
tion of  rates  is  up  at  the  present  time.  It  isn't  the  committee's 
idea  that  adopting  this  schedule  commits  any  one  to  it,  or  that 
any  rates  will  be  revised  sooner  than  they  otherwise  would  be. 
It  simply  sets  up  a  standard  to  work  to  whenever  the  question  of 
rate  revision  is  up  in  your  respective  systems,  and  we  hope  that 
having  such  a  standard  which  will  be  gradually  worked  to  will 
result  ultimately  in  working  out  and  eliminating  the  erratic  varia- 
tions in  rate  schedules  which  exist  at  the  present  time  and  will  put 
the  whole  business  on  a  more  rational  and  satisfactory  basis. 

(It  was  voted  to  accept  the  reports  of  the  Committee  on 
Meter  Rates,  and  adopt  the  recommendations,  and  the  com- 
mittee was  discharged.) 
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PROCEEDINGS. 
Thirty-Fifth  Annual  Convention. 

Portland,  Me., 
September  13,  14,  and  15,  1916. 

The  thirty-fifth  annual  convention  of  the  New  England  Water 
Works  Association  was  held  in  Portland,  Me.,  September  13,  14, 
and  15,  1916,  the  official  headquarters  of  the  Association  lieing 
at  the  City  Hall,  where  the  sessions  of  the  convention  were  held 
and  the  Associate  members  displayed  their  exhibits. 

Following  is  a  list  of  the  members  and  guests  in  attendance: 


E.  C.  Brooks. 

R.  C.  P.  Coggeshall. 

Desmond  FitzGerald. 


G.  H.  Abbott. 
J.  W.  Ackerman. 
S.  A.  Agnew. 
W.  W.  Albee. 
F.  E.  Appletoii. 
F.  L.  Andrews. 
.James  Aston. 
K.  S.  liailey. 
M.  X.  Baker. 
L.  M.  Bancroft. 

F.  A.  Barbour. 
H.  K.  Barrows. 

G.  W.  Batchclder. 
G.  H.  Bean. 

F.  D.  Berry. 

F.  E.  Bisbee. 
H.  VV.  Bishop. 
C.  M.  Blair. 

G.  W.  Booth. 
George  Bowers. 
C.  L.  Bowker. 


Honorary  Members. 

A.  S.  Glover. 

F.  E.  Hall. 

F.  W.  Shepperd. 

Members. 

Bertram  Brewer. 
A.  W.  F.  Brown. 
Alvin  Bugbee. 
A.  N.  Burnie. 
.James  Burnie. 
L.  W.  Burt. 
John  Byrne. 
J.  M.  Caird. 
C.  J.  Callahan. 
C.  E.  Chandler. 
J.  C.  Chase. 
J.  H.  Child. 

E.  S.  Cole. 

F.  L.  Cole. 

W.  R.  Conard. 
J.  E.  Conley. 
V.  R.  Connor. 
H.  .J.  Cook. 
H.  R.  Cooper. 

G.  K.  Crandall. 
H.  C.  Crowell. 


G.  A.  Stacy. 

R.  J.  Thomas.  —  1 


John  CuUen. 
F.  L.  Cushing. 
F.  A.  Darling. 

F.  J.  Davis. 
J.  M.  Diven. 
A.  O.  Doane. 

J.  S.  Dunwoody. 
J.  A.  Durst. 
C.  H.  Eglee. 

E.  D.  Eldredge. 
J.  F.  Ellis. 

G.  C.  Emerson. 
S.  F.  Ferguson. 
G.  H.  Finneran. 
R.  J.  Flinn. 

F.  L.  Fuller. 
M.  S.  Fuller. 
W.  E.  Fuller. 
W.  S.  Garde. 
Patrick  Gear. 
H.  T.  Gidlev. 
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T.  C.  Gleason. 
H.  J.  Goodale. 
W.  M.  Gooding. 

F.  W.  Gow. 

J.  W.  Graham. 
S.  M.  Gray. 
P.  T.  Gray. 
Thomas  Grieve. 
A.  S.  Hall. 

C.  R.  Harris. 
A.  F.  Hart. 

J.  W.  Hartigan. 
L.  M.  Hastings. 
W.  C.  Hawley. 

D.  A.  Heffernan. 
Edgar  Hodges. 
C.  D.  Howard. 
A.  C.  Howes. 
W.  F.  Howland. 

E.  W.  Humphreys. 
C.  E.  Johnson. 

W.  S.  Johnson. 
Willard  Kent. 
J.  A.  Kienle. 
J.  F.  Kidder. 
S.  E.  Killam. 

A.  C.  King. 

G.  A.  King. 

John  Knickerbacker. 
Morris  Knowles. 

B.  C.  Little. 
J.  B.  Longley. 
W.  J.  Lumbert. 
P.  J.  Lucey. 

C.  E.  McDonald. 
S.  H.  McKenzie. 


W.  A.  McKenzie. 
Hugh  McLean. 
W.  H.  McMahon. 
H.  V.  Macksey. 
A.  E.  Martin. 
T.  P.  Martin. 
John  Mayo. 
J.  H.  MendeU. 

F.  E.  Merrill. 

G.  F.  Merrill. 
M.  L.  Miller. 
A.  R.  Murphy. 
J.  W.  Murphy. 
W.  G.  Newhall. 
R.  J.  Newsom. 
John  Parsons. 
E.  L.  Peene. 

C.  E.  Peirce. 
H.  E.  Perry. 
A.  E.  Pickup. 
E.  D.  Pride. 
E.  W.  Quinn. 
J.  H.  Ranger. 
J.  F.  Reagan,  Jr. 
A.  A.  Reimer. 
J.  H.  Remick. 
J.  L.  Rice. 
L.  C.  Robinson. 
J.  A.  Rourke. 
P.  R.  Sanders. 
H.  W.  Sanderson. 
C.  M.  SaviUe. 
J.  B.  Sando. 
A.  L.  Sawyer. 
W.  P.  Schwabe. 
G.  G.  Shedd. 


J.  E.  Sheldon. 
C.  W.  Shermap. 
H.  L.  Sherman. 
H.  H.  Sinclair. 
M.  A.  Sinclair. 
G.  Z.  Smith. 
G.  H.  Snell. 
H.  T.  Sparks. 
G.  T.  Staples. 

0.  H.  Starkweather. 
E.  L.  Stone. 

W.  F.  Sullivan. 

C.  N.  Taylor. 

A.  T.  Thompson. 
Milton  Thorne. 
J.  L.  Tighe. 
J.  A.  TUden. 
A.  H.  TUlson. 
R.  K.  Tomlin,  Jr. 

D.  N.  Tower. 
C.  H.  Tuttle. 
Lincoln  Van  Gilder. 
L.  L.  Wadsworth. 
J.  H.  Walsh. 

C.  L.  Warde. 
G.  F.  West. 
N.  M.  West. 
V.  F.  West. 
R.  S.  Weston. 
W.  J.  Wetherbee. 
J.  G.  Whitman. 
R.  W.  Wigmore. 

E.  K.  Wilson. 

F.  J.  Wise. 

1.  S.  Wood. 

L.  C.  Wright.  —  171. 


Addressograph    Co.,    A.    L 

H.  B.  Phillips. 
Allen  &  Reid,  Inc.,  Z.  M.  Jenks. 
The   AjJierican    City,   E.   J.   Butten- 

heim. 
American    Manganese    Bronze    Co., 

T.  H.  Addie,  F.  H.  Linthicum. 


Associates. 
Davis, 


W.  L.  Blake  Co.,  W.  L.  Blake, 
D.  H.  Miles. 

Harold  L.  Bond  Co.,  F.  M.  Bates, 
C.  R.  Pollard. 

Builders  Iron  Foundry,  F.  N.  Con- 
net,  N.  L.  Sammis. 

A.  M.  Byers  Co.,  H.  L.  Fiske,  J.  J. 
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Kiley,  A.  M.  McCormack,  G.  F. 

Uhler. 
Carbic  Mfg.  Co.,  S.  K.  Ferris. 
Central  Foundry  Co.,  R.  W.  Con- 
row,  W.  H.  Feltt. 
Chapman   Valve    Mfg.    Co.,    W.    R. 

Atchinson,    V.    N.    Benglet,    J.   J. 

Hai'tigan,  Thomas  Maher,   C.  E. 

Pratt,  H.  U.  Storrs. 
Chicago  Pnemnatic  Tool  Co.,  A.  M. 

Baker,  F.  S.  Eggleston,  Jr. 
DarUng  Pump  &   Mfg.   Co.,   H.  A. 

Snyder. 
Joseph  Dixon  Crucible  Co.,   G.  W. 

Hart,  H.  A.  Nealley. 
Eddy    Valve    Co.,    H.    A.    Holmes, 

H.  R.  Prescott. 
Electro   Bleaching   Gas   Co.,   E.    D. 

Kingsley. 
Engineering   and    Contracting,  A.  L. 

Marsh. 
Engineering  News,  WilUam  Buxman. 
Engineering  Record,  I.  S.   Holbrook. 
Ford  Meter  Box  Co.,  E.  H.  Ford, 

T.  W.  McNannee. 
Garlock  Packing  Co.,   C.   D.  Allen, 

W.  C.  Marshall. 
C.  Godfrey. 
The  Goulds  Mfg.  Co.,  C.  W.  Fulton, 

L.  Loewe. 
The    Hartford    Contractors    Supply 

Co.,  K.  B.  Noble. 
F.  H.  Hayes  Machinery  Co.,  F.  H. 

Hayes. 
Hays    Mfg.    Co.,    C.    E.    Mueller, 

F.  T.  Myers. 
James  Hermiston  Mfg.  Co.,   G.   H. 

Howard. 
Hersey    Mfg.    Co.,    W.    A.    Hersey, 

W.  T.  Kershaw,  J.  H.  Smith. 
Kennedy  Valve  Co.,  M.  J.  Bro.snan. 
The  Leadite  Co.,  G.  W.  McKay,  Jr., 

J.  P.  McKay. 
Lead  Lined   Iron  Pipe   Co.,   F.   H. 

DuBois,  T.  E.  Dwyer. 


Ludlow    Valve    Mfg.    Co.,    A.    R. 

Taylor. 
Macbee    Cement    Lined    Pipe    Co., 

J.  D.  MacBride. 
H.  Mueller  Mfg.  Co.,  G.  A.  Caldwell, 

J.  B.  Clark,  H.  S.  Tracy. 
Multiplex  Mfg.  Co.,  J.  F.  Casey. 
National  Meter  Co.,  J.  G.  Lufkin, 

H.  L.  Weston. 
National  Tube   Co.,   H.   T.    Miller, 

F.  N.  Speller. 
National  Water  Main  Cleaning  Co., 

B.  B.  Hodgman. 

Neptune  Meter  Co.,  H.  H.  Kinsey, 

R.  D.  Wertz. 
The  Pitometer  Co.,  E.  D.  Case. 
Pittsburgh  Meter  Co.,  B.  E.  Arnold, 

J.  W.  Turner. 
Rensselaer  Valve  Co.,  C.  L.  Brown, 

J.  S.  Warde,  Jr. 
Ross  Valve  Mfg.  Co.,  WiUiam  Ross. 
S.   E.  T.   Valve  and  Hydrant  Co., 

C.  L.  Lincoln. 

Simplex  Valve  &  Meter  Co.,  G.  W. 

Stetson. 
A.  P.  Smith  Mfg.  Co.,  F.  L.  North- 
rop, A.  C.  Neiman. 
The   Smith   &   Abbott    Co.,    J.    H. 

Douglas,  W.  H.  Goodwin,  E.   F. 

Hayden,    R.    C.    Parker,    S.    F. 

Seavey. 
Standard  Cast  Iron  Pipe  &  Foundry 

Co.,   W.   S.   Setti,   J.    C.    Atwell, 

S.  D.  Higley,  H.  F.  Hoyt. 
Union  Water  Meter  Co.,  D.  K.  Otis, 

E.  K.  Otis. 
United  Brass  Mfg.  Co.,  H.  A.  Hag- 

dowy,  J.  A.  Sharp. 
United    States    Cast    Iron    Pipe    & 

Foundry  Co.,  E.  B.  Grubb. 
Wallace    &    Tiernan,    Inc.,    M.    F. 

Tiernan. 
Warren    Foundry    &    Machine    Co., 

A.  J.  Girard,  J.  II.  Morrison. 
Water  Works  Equipment  Co.,  W.  H. 
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Van    Winkle,    Jr.,    W.     H.     Van  Henry  R.  Worthington,  W.  F.  Bird, 

Winkle.  Samuel  Harrison,  E.   P.   Howard, 

R.  D.  Wood  &  Co.,  H.  M.  Simons,  A.  M.  Pierce,  H.  F.  Peake.  —  107. 
C.  R.  Wood. 


Guests. 


Maine. 

Auburn,  Mr.  &  Mrs.  Andrew  P. 
Cobb,  Fred  Gordon,  John  J. 
Lawler. 

Augusta,  Mrs.  W.  W.  Albee,  Mrs. 
Bradbury,  Paul  L.  Bean,  George 
C.  Danforth,  Miss  Mary  L.  Doe, 
R.  F.  Leach,  Robert  M.  Moore, 
F.  J.  McArdle,  Ralph  A.  Parkers, 
Robert  Morong. 

Bangor,  Charles  W.  Mullen. 

Biddeford,    Miss    Helen    M.    Burnie, 

B.  F.  Cleaves. 

Brunswick,  Robert  J.  McDonald, 
Daniel  W.  Scribner,  Edward  W. 
Wheeler. 

Cumberland    Mills,     W.     E.     Ferry, 

C.  W.  Mullen. 

Gardiner,  Mr.  &  Mrs.  L.  C.  Ballard, 
S.  D.  Soule. 

Houlton,  B.  B.  Mclntyre. 

Kezar  Falls,  Allen  Garner. 

Leiviston,  Ellen  Callahan,  Gertrude 
Callahan,  T.  W.  Kerrigan,  Louis 
Trial,  Mrs.  J.  B.  Longley. 

Mechanics  Falls,  A.  C.  Frank. 

Pittsfield,  A.  H.  Burse. 

Portland,  Miss  N.  M.  Alvord,  George 
S.  Beal,  W.  L.  Blake,  E.  (). 
Boothby,  Wilford  G.  Chapman, 
A.  E.  Clark,  Harold  B.  Cole,  Philip 
T.  Conley,  Mr.  &  Mrs.  James  W. 
Coburn,  A.  L.  T.  Cummings,  John 
J.  Devine,  Mr.  &  Mrs.  Edward 
Duddy,  Eulalie  Duddy,  Harry  A. 
Fuller.  Mrs.  P.  Y.  Gray,  L.  B. 
Griffin.  Mrs.  Donald  Gardner, 
Mrs.  C.  R.  Harris,  E.  C.  Hersey, 
Mrs.  Holmesburg,  J.  Arthur  Jack- 


son, Wilmot  G.  Jackson,  Miss 
Kathleen  Jarrett,  William  E.  Jef- 
fords, H.  I.  Jordan,  Loring  M. 
McKenney,  George  S.  Merrill, 
Mr.  &  Mrs.  W.  B.  Moore,  Miss 
Florence  Mosher,  Daniel  E.  Moul- 
ton,  P.  H.  Buswell,  Miss  Barbara 
W.  Nelson,  Mrs.  S.  H.  Noyes, 
Frank  O'Laughlin,  Mr.  &  Mrs. 
E.  L.  Parrott,  F.  J.  Perry,  Rear- 
Admiral  Robert  E.  Peary,  E.  E. 
Rogers,  George  R.  Rooney,  W.  D. 
Sears,  Harold  F.  Schnurle,  Thomas 
Tetreau,  M.D.,  Mrs.  Milton 
Thorne,  Winslow  E.  Townsend, 
Mr.  &  Mrs.  Frank  S.  Wallace, 
Mrs.  North  M.  West,  Mrs.  G.  F. 
West,  Mrs.  Vernon  F.  West,  Mrs. 
A.  M.  Pierce,  James  H.  Heald. 

Rumford,  Miss  Mabel  Chase,  H.  L. 
Elliott,  C.  S.  Osgood. 

Sanford,  Mrs.  F.  L.  Andrews,  Miss 
Marion  Andrews. 

Sebago,  L.  J.  Johnson,  William 
Johnson. 

South  Portland,  Mr.  &  Mrs.  Albert 
D.  Boyd,  Fred  C.  Boyd,  Miss 
Lilly  Kramer. 

Waterville,  Mrs.  B.  Brown,  Mr.  & 
Mrs.  H.  D.  Eaton. 

Westbrook,  Joseph  E.  Perry. 

Yarmouth,  John  A.  Seabury,  Miss 
Ada  B.  Seabury. 


New  Hampshire. 

Berlin,   Mr.  &  Mrs.  C.  C.   Gerrish, 

Mrs.  W.  M.  Gooding. 
Derry,  Mrs.  G.  H.  Bean. 
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Manchester,     Mrs.    J.     H.     Mendell, 

L.  H.  Shattuck. 
Somersworlh,    Mrs.   John  Parsons. 

Vermont. 
Burlinglon,  Julia  Simays. 

jVIassachusetts. 

Andover,  Mrs.  Lottie  M.  Cole,  Mrs. 
E.  M.  Weeks,  F.  E.  Smith. 

Arlington  Heights,  Mrs.  J.  D.  Mac- 
Bride. 

Attleboro,  Mrs.  H.  J.  Goodale,  Carrie 
L.  Perry,  Mr.  &  Mrs.  H.  A.  Smith, 
Mrs.  G.  H.  Snell. 

Boston,  Mrs.  F.  M.  Bates,  Miss 
Pearl  L.  Bates,  Mrs.  G.  A.  Cald- 
well, Mrs.  A.  L.  Davis,  Mrs.  G.  C. 
Emerson,  F.  J.  Foley,  D.  L. 
Furners,  E.  G.  Facy,  Mrs.  R.  J. 
Flinn,  Elizabeth  R.  Flinn,  C.  F. 
Glavin.  J.  M.  Griffeth,  Mrs. 
William  S.  Johason,  Mrs.  A.  S. 
Glover,  Mrs.  H.  H.  Kinsey,  Joan 
M.  Ham,  Mrs.  L.  W.  Richardson, 
J.  J.  Riley,  Mrs.  E.  W.  Shedd, 
Ellsworth  N.  Smith,  Lester  W. 
Tilden,  Mrs.  R.  D.  Wertz. 

Bridgeivater,  Mrs.  John  Mayo,  Miss 
Sarah  W.  Mayo. 

Brookline,  John  Jackson. 

Cambridge,  Mrs.  L.  M.  Hastings, 
T.  J.  Mulvahill,  Patrick  T.  Mullin. 

Chelmsford.   Mrs.  Walter  McMalion. 

Chicopee,  William  O'Brien,  John 
Sullivan. 

Cohassel,  Mrs.  D.  N.  Tower. 

Dedham,   Mi.ss  Grace  M.  Staples. 

Fitchburg,  Mrs.  A.  W.  F.  Brown. 

Framingham,  Armie  G.  Howl  and 

Franklin,  Cathleen  Darling. 

Gardner,  F.  W.   Dinwiddie. 

GreenjieUl,  Mr.  it  Mrs.  W.  T.  Noyes. 
Mrs.  G.  F.  Merrill. 

Groton,  A.  A.  Wood. 


Haverhill,  N.  S.  Foote. 

Holyoke,     Martha     McLean,      Mrs. 

Hugh   McLean,    Marion  McLean, 

Mrs.     J.     F.     Ranger,     Madeline 

Sheldon,  Mrs.  J.  E.  Sheldon. 
Leominster,    Mrs.   W.   J.   Wetherbee. 
Lowell,    Mrs.    George   Bowers,    Mi.ss 

Helen  Bowers,  Mr.  &  Mrs.  C.  H. 

French,    M.    H.    Harrington,    Mr. 

&  Mrs.  W.  F.  Hunt,  J.  E.  Sullivan, 

Mrs.  R.  J.  Thomas. 
Maiden,  Mrs.  F.  E.  Appleton,  F.  N. 

Prescott. 
Marblehead,  H.  L.  P.  Wilkins,  H.  M. 

Wilkins. 
Marlboro,  Mrs.  G.  A.  Stacy. 
Medford,  Mrs.  F.  W.  Gow,  Meriam 

D.  Gow. 
Melrose,  Mrs.  E.  C.  Brooks. 
Middleboro,  J.  J.  Pearson. 
Millbrook,  L.  M.  Peterson. 
Monument  Beach,  Theodore  Chaffin. 
North  Sniuate,   Mrs.   S.   A.   Agnew, 

Mi.ss  E.  A.  Agnew. 
Norwood,  James  Drommay. 
Onset,  Neddie  Eldredge. 
Oxford,  Mr.  &  Mrs."  A.  M.  Chaffee. 
Pepperell,    Mr.    &     Mrs.     Perley    J. 

Blake. 
Pittsfield,  Mrs.  F.  J.  Wise. 
Reading,  Mrs.  L.  M.  Bancroft,  Mrs. 

A.  E.  Davis. 
Revere,  Carl  G.  Richmond. 
Salem,  W.  T.  Howe. 
Saugus,  Mrs.  A.  F.  Hart. 
Somerville,  Mr.  <fe  Mrs.  D.  L.  Dow, 

Mrs.  Samuel  Harrison,  Mrs.  F.  E. 

Merrill,  J.  M.  Towle. 
Soulhbridge,  Mrs.  C  H.  Abbott. 
Uxbridge,  W.  E.  Rawson. 
Wakefield,  Mrs.  O.  H.  Starkweather, 

R.  E.  Starkweather,  ().  A.  Stark- 
weather. 
n'(dpole,  H.  C.  Battles. 
Wallham,     Mrs.     Bertram     Brewer, 
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George     W.     Forbush,     Ella     A.  New  York. 

Moulton.  Auburn,  Mrs.  J.  W.  Ackerman. 

Ware,  Mr.s.  T.  E.  Gleason.  Brooklyn,    Mrs.    H.    F.    Yoyt,    Miss 

Webster,  S.  G.  Wylie.  Ambrose. 

Wellesleij,   Mrs.    F.    L.    Fuller,    Mrs.  Johnstown,  Mrs.  Edgar  Hodges. 

C.  N.  Taylor.  jVew  Rochelle,  Mrs.  M.  F.  Tiernan. 

West  Springfield,    B.    E.    Fox,    Mrs.  j^gy;  York  Citij,  H.  W.  Ford,  Mr.  & 

T.  P.  Martin,  Mr.  &  Mrs.  J.  F.  Mrs.  G.  L.  Garrison,  F.  Gleason, 

Whitney.  Mrs.  C.  L.  Lincoln,  M.  L.  North- 

Weymouth,  Mrs.  A.  R.  Taylor.  ^op^   Mrs.  F.  W.  Shepperd,  Fred 

Woburn,  James  Hagerty.  Shepperd,     E.     E.     Smith,     Mrs. 

Worcester,  Florence  M.  Rice,  Mr.  &  ^    jj    Van  Winkle,   Miss  E.  K. 

Mrs.  C.  I.  Rice.  Wilson,  R.  M.  Mowry. 

Rensselaer,  Mr.  &  Mrs.  R.  L.  Hink- 

Rhode  Island.  ley,  Mr.  &  Mrs.  S.  A.  Russell. 

Narragansett  Pier,  Mrs.  WHlard  Kent.  Rochester,  Mrs.  B.  C.  Little,  Helen 

Providence,    L.    Brightman,    Robert  ^-  P-  Little. 

Gray,   Walter  Hazelton,   Mrs.   G.  White  Plains,  C.  P.  Abbott. 

H.  Lewis,  Mrs.  I.  S.  Wood.  Yonkers,  Mrs.  E.  L.  Peene. 

Woonsocket,  Mrs.  Z.  M.  Jenks.  ^^^  j^^^^y 

Connecticut.  Atlantic    City,     Mrs.     C.     Godfrey, 

Amonia,  Mrs.  J.  F.  Davis.  „  ^'^:  ^-  T^'^.^^^'l"^-  ^   ^    ,, 

Hartford,  Mrs.  C.  M.  Saville,  Hum-  ^^""^  ^''''^'  ^rs.  W.  B  R.  Mason. 

phrey  Sullivan.  ^«^'  Or^^^''  Mrs.  G^  W.  Booth. 

Middletown,    J.    P.    Bacon,    Thomas  ^''^^  ^^^^^«?''  Mrs    Thomas  Grieve. 

„             T        A   i.1.        T             r^    r^  Ridqewood,  F.  W.  bimonds. 

Hoops,  Jr.,  Arthur   Losey,   G.  C  „  /      ,,      »   t.t       r,^   ttt   r>. 

AT         ti   a   -nr  Salem,  Mr.  &  Mrs.  T.  W.  Gayner. 

More,  H.  S.  Warner.  ^              ,,       ai   •     t^     u 

,r         i     7    -nw  Ti  A/r-ii  Trcnton,  Mrs.  Alvm  Bugbee. 

Naugatuck,  D.  P.  Mills.  nr    ,.      i       t^    i    t.  ,.   t 

T,j      rr          TVT      /^   Tv/r  T>i  •  Wcehawken,  Earle  ialbot. 
New  Haven,  Mrs.  C.  M.  Blair. 

New  London,  Mrs.  G.  K.  Crandall.  Pennsylvani.\. 

Norwich,     Fannie     L.     MacKenzie,  Bermick,  M.  J.  Casey. 

Mrs.  S.  H.  MacKenzie.  Braddock,  W.  H.  Williams. 

Thampsonmlle,   Mrs.  H.  R.  Cooper,  pni,i,urg,     Mrs.     Morris     Knowles, 

Mrs.  W.  P.  Schwabe.  ^^^   p   j^   g    11^^. 
Wallingford,     Mrs.     J.     H.     Child, 

Marjorie    F.    Child,    Mrs.    W.  A.  Indiana. 

MacKenzie.  Wabash,  Mrs.  T.   W.    McNannie.— 

Yalesville,    Miss    Mabel    McKenzie.  301. 

Summary  of  Attendance. 

Honorary  members 8 

Members 171 

Associates      107 

Guests 301 

587 


proceedings.  485 

Morning  Session,  Wednesday,  September  13,   1916. 

The  convention  was  called  to  order  at  10  a.m.  by  President 
William  F.  Sullivan,  who  said: 

Yoitr  Honor  and  Ladies  and  Gentlemen,  —  The  thirtj'^-fifth 
annual  convention  of  the  New  England  Water  Works  Association 
opens  under  auspicious  circumstances  in  this  beautiful  city,  whose 
native  air  is  pure  and  sweet;  a  city  rich  in  historical  and  literary 
associations,  immortalized  by  the  poet  Longfellow,  and  you  and 
I  may  go,  as  he  went  many  times,  to  "  Deering's  Woods,  so  fresh 
and  fair." 

Longfellow  said,  "  A  boy's  will  is  the  wind's  will,  and  the  thoughts 
of  youth  are  long,  long  thoughts." 

So,  all  you  overworked  and  nerve-racked  water-works  men,  l)e 
boj^s  again  in  Portland,  and  instead  of  your  will  being  the  wind's 
will,  let  the  winds  of  Portland  be  your  will  and  waft  you  around 
the  hospitable  weather  vane,  which  has  been  provided  by  our 
hosts,  the  people  of  Portland. 

We  are  indeed  fortunate  in  having  this  magnificent  nmnicipal 
building  for  our  uses.  I  might  say,  while  we  are  in  Portland,  let 
us  rememl)er  that  we  are  drivers  of  water  wagons,  and  that  the 
spirits  of  Portland's  hospitality  are  tempered  by  the  shade  of  that 
venerable  apostle  of  prohibition,  Neal  Dow. 

I  cordially  welcome  you  here,  guests  and  members,  to  this  our 
annual  convention,  and  I  know  our  hosts  are  going  to  cordially 
welcome  all  of  us  to  "  'way  down  East."  The  committee  of 
arrangements  has  prepared  and  planned  an  excellent  program, 
which  I  know  will  not  fail  to  satisfy.  Headed  by  Mr.  Johnson, 
it  has  done  its  work  well,  and  I  know  that  the  committee  will 
take  care  of  almost  our  every  need.  Mr.  Graham  and  the  local 
committee  have  done  such  splendid  work  that  we  cannot  fail  to 
appreciate  it.  The  Portland  Chamber  of  Commerce  has  lived 
up  to  its  reputation  as  a  live  civic  body.  Some  boards  of  trade 
or  chambers  of  commerce  are  mere  names  only,  but  here  in  Port- 
land you  have  a  living,  breathing,  boosting  organization,  which 
knows  how  to  present  Portland's  attractions  and  advantages  as  a 
city  to  live  in  and  to  do  business  in.  They,  too,  welcome  us  to 
this  busy  and  prosperous  city,  and  I  know  that  when  we  leave  it 
will  be  with  regrets  and  a  firm  determination  to  come  again. 
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The  Committee  on  Exhibits  has  done  itself  proud,  as  you  can 
see  by  looking  about,  and  we  water-works  men  can  gain  a  fund  of 
useful  information  by  availing  ourselves  of  the  opportunity  to 
inspect  and  investigate  the  last  word  in  supplies  and  equipments 
which  have  been  so  generously  provided  by  our  friends,  the 
manufacturers. 

In  looking  over  the  program,  you  will  see  that  it  is  as  nearly 
complete  I  as  time  and  work  can  make  it.  The  entertainment 
portion  has  not  been  forgotten,  and  those  who  were  fortunate 
enough  to  be  on  the  boat,  last  night,  know  that  the  party  was 
pleasant  and  agreeable,  and  a  proper  spirit  of  fellowship  was  shown; 
and  that  is  what  we  want  in  this  convention,  —  a  convention 
that  will  show  warmth  and  a  good  spirit  and  a  good-fellowship. 

However,  let  us  work  while  we  work  and  play  while  we  play, 
and  the  real  serious  work  of  this  convention  is  that  the  members 
attend  the  sessions  faithfully,  listen  to  the  high-grade  and  prac- 
tical papers,  and  then  fully  and  freely  discuss  them;  for  it  is  by 
this  means  principally  that  we  know  what  is  going  on  in  the  water- 
works world.  The  papers  are  the  text-book,  from  the  primer 
to  the  sixth  reader,  of  our  business.  The  discussions  tell  us  how 
the  other  fellow  does  it.  So  let  us  buckle  right  down  to  business 
during  a  portion  of  our  short  eight-hour  work  day,  so  that  the 
rest  of  the  time  we  may  enjoy  the  play  which  has  been  so  gen- 
erously provided  for  us. 

Longfellow  said,  "  Often  I  think  of  the  beautiful  town  that  is 
seated  by  the  sea.  Often  in  thought  go  up  and  down  the  pleasant 
streets  of  that  dear  old  town." 

That  beautiful  town  is  now  the  great  city  of  Portland,  the 
metropolis  of  Maine,  and  those  "  pleasant  streets  "  are  now  the 
busy  marts  of  trade  and  highways  of  commerce.  It  is  our  privi- 
lege and  our  honor  to  have  with  us  to-day  a  man  who  has  been 
selected  and  elected  l^y  the  people  of  Portland  as  its  chief  magis- 
trate, and  this  man  is  going  to  greet  us  to-day;  welcome  us  to 
Portland.  It  gives  me  much  pleasure  to  present  to  you  the  Hon. 
Wilford  G.  Chapman,  mayor  of  Portland. 

Mayor  Chapman.  Mr.  President,  Ladies  and  Genthmen  of 
the  Association,  —  I  am  more  than  glad  to  welcome  an  association 
of  experts  to  our  city.     I  should  perhaps  appear  immodest  if  I 
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should  attempt  to  add  anything  to  the  glowing  words  of  praise 
which  3^our  president  has  given  to  us.  We  are  a  city  of  63  151 
inhabitants,  according  to  the  United  States  census  estimate  of 
1915.  The  Chamber  of  ("ommerce  makes  our  population  75  000 
—  for  purposes  of  its  own;  but  the  United  States  census  will 
perhaps  appeal  as  much  to  men  of  science  as  the  returns  of  the 
Chamber  of  Conunei-ce,  with  all  due  respect  to  my  good  friend 
Mr.  Moore. 

Notwithstanding  some  things  that  you  may  see  in  the  organs 
of  certain  interests,  it  is  true  that  the  people  of  Maine,  for  the 
most  part,  use  Sebago  water  to  drink  and  to  bathe  in.  Our  water 
company  here  in  Portland  is  out  of  politics,  managed  by  a  non- 
partisan commission  of  men  who  know  sound  business  principles, 
and  who  employ  onl}^  experts  to  administer  the  affairs  of  the 
company. 

I  regret  very  much  that  our  old  friend  Mr.  Dyer,  who  was 
one  of  the  men,  if  not  the  man,  who  first  turned  on  Sebago  water 
in  the  city  of  Portland,  who  has  been  identified  with  the  interests 
of  the  company  from  then  up  to  the  time  of  his  death,  and  who 
has  been,  through  it  all,  a  loyal,  useful,  good  man;  an  expert  in 
this  line  of  business  —  I  regret  very  much  that  he  is  not  here  to 
greet  and  welcome  many  of  you  who  I  understand  have  been 
connected  with  him  in  this  line.  As  long  as  the  water  business 
of  Portland  continues  to  be  managed  in  the  future  as  it  has  been 
in  the  past,  for  the  interests  of  our  people,  there  will  be  no  ])olitics 
in  it.  In  fact,  I  have  an  idea  that  is  what  takes  a  thing  out  of 
politics,  to  manage  it  so  well  that  the  people  are  satisfied.  Pos- 
sibly, in  the  far  and  distant  future,  when  the  people  of  this  com- 
munity and  the  country  are  wise  enough,  we  may  take  some  other 
questions  out  of  politics  in  the  same  way,  as,  for  instance,  the 
tariff  and  the  rum  (juestion. 

But  enough  along  that  line.  I  am  more  than  ghid  to  welcome 
this  Association.  I  hope  that  our  citizens  will  take  advantage 
of  this  opportunity  to  learn  all  that  they  can  learn  about  these 
different  water  appliances.  This  thing  is  true  about  scientific 
men  of  the  present  day,  that  they  not  only  know  themselves,  but 
they  tiy  to  make  others  know.  That  is  why  I  am  more  than  glad, 
in  behalf  of  the  citizens  of  Portland,  to  welcome  a  group  of  scien- 
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tific  men,  who  know  something  better  than  any  one  else  knows  it, 
and  who  are  here  not  only  to  communicate  their  ideas  to  each 
other,  but  to  the  people  at  large. 

We  are  very  glad  to  congratulate  ourselves  and  congratulate 
the  convention  on  the  weather  that  we  have  to-day.  We  mean 
to  keep  a  constant  supply  of  that  kind  of  weather  for  conven- 
tions. Sometimes  we  run  short,  but  fortunately  to-day  we  have 
got  the  very  best  weather  that  the  world  produces  anywhere, 
with  a  full  moon  to  go  with  it.  I  hope  and  believe  you  will  have 
one  of  the  most  successful  conventions  in  your  history.  I  am 
informed  that  the  exhibits  are  finer  than  ever  before,  which  is  the 
way  it  should  be.  Wherever  you  hold  your  convention,  each 
year  should  be  the  best. 

Mr.  President,  ladies  and  gentlemen  of  the  convention,  you  are 
welcome  to  Portland. 

President  Sullivan.  We  have  with  us  to-day  a  man  who 
represents  an  office  which  does  not  require  much  introducing, 
because  these  officers  are  always  able  to  introduce  themselves,  and 
tell  us  the  good  things  of  any  city  or  community.  It  gives  me 
much  pleasure  to  call  upon  Mr.  W.  B.  Moore,  executive  secretary 
of  the  Chamber  of  Commerce. 

Mr.  W.  B.  Moore.  Mr.  President,  your  Honor,  Ladies  and 
Gentlemen,  —  Unfortunately  for  you,  I  have  been  called  in  to 
substitute  to-day  for  the  president  of  our  organization,  who  has 
been  called  from  the  city  on  account  of  fatal  illness  in  his  family. 
My  remarks  are  going  to  be  very  brief,  because  this  convention 
is  a  matter  of  business,  and  not  talk.  Your  President  and  his 
Honor  have  said  practically  all  of  the  good  things  about  Portland, 
and  given  to  you  the  glad  hand  of  welcome.  There  has  been 
just  one  fact  overlooked,  however,  and  that  is  in  regard  to  the 
keys  of  the  city  of  Portland.  It  is  customary,  as  many  of  you 
know,  on  occasions  of  this  kind,  to  state  that  the  keys  of  the  city 
are  yours.  Much  to  the  credit  of  Portland,  a  great  many  years 
ago,  following  the  time  that  your  President  referred  to,  a  key  was 
made  in  behalf  of  the  city  of  Portland,  to  use  on  occasions  of  this 
kind.  That  key,  however,  was  taken  out  one  night  and  thrown 
into  the  waters  of  Casco  Bay,  and  the  town  has  been  open  to 
everybody  since.     It  is  open  to  you.     We  want  you  to  come  here 
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time  and  time  again.  We  want  to  do  everything  possible  to  make 
your  stay  in  this  city  one  of  interest,  one  of  value,  one  of  instruc- 
tive and  constructive  work.  If  there  is  anything  you  see  that  is 
undone,  tell  us,  and  we  will  make  it  right. 

Portland,  as  the  metropolis  of  the  state  of  Maine,  as  a  distinc- 
tive city,  America's  sunrise  gateway,  as  represented  by  the  Cham- 
ber of  Commerce,  extends  to  you  a  glad  welcome.  We  want  to 
show  you  all  the  hospitality  for  which  this  city  is  noted,  and  to 
make  your  visit  so  nice  that  this  will  be  the  permanent  convention 
place  of  the  New  England  Water  Works  Association.     I  thank  you. 

President  Sullivan.  It  is  our  pleasure  to  have  with  us  to- 
day a  man  who  represents  those  who  have  been  selected  to  manage 
the  water  supply  for  this  city  of  Portland,  and  for  a  large  district 
hereabouts.  We  are,  and  will  be,  indebted  during  the  conven- 
tion to  the  Portland  Water  District  for  many  courtesies.  It  gives 
me  much  pleasure  to  present  to  you  William  L.  Blake,  Esq., 
president  of  the  board  of  trustees  of  the  Portland  Water 
District. 

Mr.  William  L.  Blake.  Mr.  President,  Ladies  and  Gentle- 
me,  —  In  behalf  of  the  Portland  Water  District,  it  gives  me  pleas- 
ure to  join  with  his  Honor  the  Mayor  in  welcoming  you  to  our 
city.  Compared  with  the  great  water-works  systems  of  New 
England,  the  Portland  Water  District  has  perhaps  very  little  to 
command  your  attention.  As  you  well  know,  we  have  what  is 
known  as  a  gravity  system.  We  have  no  important  pumping 
system  to  show  you  and  interest  you.  We  know  that  this  is  one 
of  the  gieat  ami  interesting  features  of  many  of  your  New  England 
states.  We  have  no  filtration  plant  to  maintain,  and  you  all  will 
feel  that  we  are  very  fortunate  in  being  al)le  to  supply  Portland 
with  an  efficient  water  supply  of  such  purity  and  character  witii- 
out  these  adjuncts. 

The  trustees  of  the  Portland  Water  District  and  its  employees 
will  do  eveiything  that  is  possible  that  you  max-  enjoy  your  visit 
here.  Just  a  word  about  Lake  Sebago.  As  you  well  know,  we 
have  one  of  the  finest  water  supplies  in  the  country.  The  lake 
is  picturesque,  and  certainly  none  of  you  want  to  miss  the  cntiM- 
tainment  that  has  been  provided  for  you,  and  I  hope  that  you  will 
all,  to-morrow,  see  that  nothing  stands  in  the  way  of  your  taking 
the  trip.     Mr.  President,  I  thank  you. 
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President  Sullivan.  On  behalf  of  the  New  England  Water 
Works  Association,  I  sincerely  thank  his  Honor  the  Mayor,  Mr. 
Moore,  and  Mr.  Blake,  for  their  kind  words  of  greeting,  and  I 
want  to  assure  them  that  the  New  England  Water  Works  Asso- 
ciation esteem  it  a  pleasure  to  be  here,  and  we  shall  carry  away  with 
us  fond  recollections  of  Portland,  and  of  Portland's  public  men. 

We  now  have  some  business  to  transact,  and,  as  we  expect  Ad- 
miral Peary  here  in  a  short  time,  I  would  like  to  ask  our  friends  and 
guests  and  members  to  remain  until  he  arrives.  Our  business 
may  be  a  little  dry  for  our  guests,  but  I  know  that  the  Admiral's 
talk  will  be  a  rare  treat  for  us  all. 

The  Secretary  read  the  following  names  of  applicants  for 
membership,  all  of  whom  had  been  properly  endorsed  and  ap- 
proved by  the  Executive  Committee: 

Active: 

C.  Godfrey,  Atlantic  City,  N.  J. 

James  P.  Allardice,  Fall  River,  Mass. 

James  Aston,  Pittsburg,  Pa. 

Charles  S.  Beaudry,  Lexington,  Mass. 

H.  W.  Bishop,  treasurer  Boothbay  Harbor  Water  System,  Boothbay 
Harbor,  Me. 

Theodore  L.  Bristol,  president  and  manager  of  the  Ansonia  Water 
Company,  Ansonia,  Conn. 

H.  L.  Elliott,  superintendent  Rumford  Water  District,  Rumford,  Me. 

Robert  Fletcher,  Dartmouth  College,  Hanover,  N.  H. 

Seba  A.  Holton,  treasurer  Board  of  Water  Commissioners,  Falmouth, 
Mass. 

William  J.  Lambert,  superintendent  Public  Works,  Saugus,  Mass. 

William  S.  Nolan,  water-works  engineer  and  contractor.  East  Boston, 
Mass. 

P.  Von  Wcymann,  Pishpek,  Russia. 

John  Yoimg,  inspector  Department  of  Western  Canada  Fire  Under- 
writers Association,  Winnipeg,  Man. 

Fred  C.  Gamewell,  treasurer  Palmer  Water  Company,  Palmer,  Mass. 

George  A.  Hatfield,  superintendent  Sidney  Water  Works,  Sidney,  Ohio. 

Howard  C.  Kinnej^  mining  engineer,  Waterloo,  N.  Y. 

William  E.  Merck,  .superintendent  of  Water  Works,  Jackson,  Ga. 

Jean  A.  Clameau,  town  engineer,  Chicoutimi,  Canada. 

Thurston  C.  Culyer,  Purdy's  Station,  N.  Y. 

George  E.  Mann,  Woodsville,  N.  H. 

James  MuUins,  Springvale,  Me. 
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Adolph  Theriault,  Nashua,  N.  H. 

Ezra  B.  Whitman,  Baltimore,  Md. 

Francis    D.    H.    Lawlor,    superintendent   Citizen's    Water   Companj^, 

Bellington,  la. 
C.  S.  Rathburn,  assistant  secretary  Boise  Artesian  Hot  and  Cold  Water 

Company,  Boise,  Ida. 
Jesse  M.  Worthen,  M.D.,  superintendent  Charleston  Light  and  Water 

Company,  Charleston,  S.  C. 
William  L.  Blake,  president  Portland  Water  Di-strict,  Portland,  Me. 
John   A.  Hartigan,    commissioner   and    superintendent    Longmeadow 

Water  Company,  Longmeadow',  Mass. 
Henry  F.   P.  Wilkins,  manager  of  Water  Department,  Marblehead, 

Mass. 
Charles  R.  Preston,  Lowell,  Mass. 
Herbert  L.  Hapgood,  water  commissioner  and  superintendent,  Athol, 

Mass. 
William  F.  Hunt,  Lowell,  Mass. 
Maurice  E.  FitzGerald,  superintendent  of  South  Hadley  Falls  Water 

Works,  South  Hadley  Falls,  Ma.ss. 
Michael  H.  Harrington,  Lowell,  Mass. 
Frederick  H.  Hapgood,  Holyoke,  Mass. 
Earle  Talbot,  treasurer  and  general  assistant  superintendent  Hacken- 

sack  Water  Company,  Weehawken,  N.  J. 
Charles  E.   McDonald,   superintendent  of  water  works,   Waterbury, 

Conn. 
Carl  G.  Richmond,  superintendent  of  Public  Works,  Revere,  Mass. 

Associate: 

Ford  Meter  Box  Company,  Wabash,  Ind. 

American  Manganese  Bronze  Company,  Philadelphia,  Pa. 

Carbic  Manufacturing  Company,  New  York  City. 

F.  S.  Eggleston,  Jr.,  manufacturer  of  pneumatic  and_]electric  machinery, 
Roslindale,  Mass. 

Hartford  Contractors'  Supply  Company,  manufacturing  special  con- 
tractors' machinery  and  water-works  tools,  Hartford,  Conn. 

C.  M.  &  H.  T.  Plummer,  manufacturers  of  pipe  and  fittings,  Portland, 
Me. 

United  Brass  Manufacturing  Company,  Cleveland,  Ohio. 

Winslow  &  Company,  Portland,  Me. 

Garlock  Packing  Company,  Boston,  Mass. 

On  motion  duly  made  and  ii(>conded,  the  Secretary  was  em- 
powered to  cast  the  ballot  of  the  Association  in  favor  of  the  candi- 
dates, and,  he  having  done  so,  they  were  declared  l)y  the  Presi- 
dent duly  elected  members  of  the  Association. 
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President  Sullivan.  The  meeting  is  now  open  for  new  lousi- 
ness. 

Mr.  C.  W.  Sherman.  On  behalf  of  the  Committee  on  the 
Dexter  Brackett  Memorial,  I  have  the  pleasure  to  submit  the 
report  of  the  committee,  and  the  medal,  which  has  been  prepared 
for  a  prize,  to  be  awarded  annually  for  the  most  meritorious 
paper. 

The  report  of  the  committee  has  been  printed  and  is  on  file  at 
the  Secretary's  office,  so  I  will  not  attempt  to  read  it,  but  give 
only  the  "salient  points  at  this  moment.  The  committee  sent  to 
the  entire  membership  of  the  Association,  giving  an  opportunity 
to  subscribe  for  this  memorial,  and  received  a  total  of  $1  281.50, 
from  101  contributors.  The  expense  of  the  committee  was 
comparatively  slight,  so  that  after  paying  $1  000  to  establish 
the  medal  itself,  we  have  remaining  a  balance  of  $197.34,  which 
we  turned  over  to  the  Association  with  the  medal.  We  do  not 
suggest  that  this  money  be  kept  as  a  fund,  but  that  it  be  put  in 
with  the  other  moneys  of  the  Association,  and  that  the  Associa- 
tion assume  the  responsibility,  from  its  regular  funds,  of  striking 
off  a  medal  each  year  for  the  best  paper. 

In  accordance  with  our  instructions,  we  have  also  drafted  rules 
for  awarding  the  medal,  or,  rather,  suggested  rules  which  should 
be  considered  and  adopted  by  the  Association.  In  the  printed 
report  is  a  list  of  the  subscribers,  and  the  rules  which  we  would 
suggest  for  adoption.  Such  rules  should  not,  of  course,  be  adopted 
offhand  and  without  consideration,  neither  should  the  Association 
bind  itself  at  all  times  to  an  annual  expense  without  a  carefully 
prepared  vote,  and  without  consideration  by  its  Executive  Com- 
mittee. The  committee  has  accordingly  drafted  the  primary 
resolution,  which  I  will  read: 

Whereas,  the  Committee  on  Dexter  Brackett  Memorial  has 
submitted  its  report,  accompanied  by  the  medal  designed  under 
its  direction,  the  balance  of  funds  collected  by  it  amounting  to 
one  hundred  ninety-seven  dollars,  thirty-four  cents  ($197.34), 
and  a  draft  of  rules  governing  the  award  of  the  Dexter  Brackett 
Memorial  medal;  and  whereas  the  said  committee  has  recom- 
mended that,  in  consideration  of  the  donation  of  said  memorial 
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medal  and  sum  of  money,  the  Association  assume  in  perpetuity 
the  payment  of  the  annual  expenses  connected  with  striking  off 
and  engraving  medals  and  furnishing  cases,  which  recommenda- 
tion has  been  approved  by  the  Executive  Committee;  therefore, 
be  it  resolved, 

1.  That  the  New  England  Water  Works  Association  accept, 
and  it  does  hereby  accept,  the  Dexter  Brackett  Memorial  medal 
and  the  accompanying  sum  of  one  hundred  ninety-seven  dollars, 
thirty-four  cents  ($197.34). 

2.  That,  in  consideration  of  the  receipt  of  this  medal  and  sum 
of  money,  the  Association  assume,  and  it  does  hereby  assume, 
the  obligation  in  perpetuity  to  care  for  the  dies  and  to  pay  the 
annual  cost  of  striking  off  and  engraving  medals  and  furnishing 
cases  for  them. 

3.  That  the  draft  of  rules  governing  the  award  of  the  Dexter 
Brackett  Memorial  medal  is  hereby  referred  to  the  Executive 
Committee  for  consideration  and  amendment  or  adoption,  at 
its  discretion. 

4.  That  the  report  of  the  Committee  on  Dexter  Brackett 
Memorial  is  hereby  accepted  and  the  committee  discharged. 

Before  you  put  that  resolution.  I  would  say  that  I  have  here  a 
proof  copy  of  the  medal,  which  I  should  be  very  much  pleased 
to  show  to  any  one  of  the  Association,  and  I  have  a  cashier's 
check,  which  I  will  turn  over. 

[On  motion,  duly  made  and  seconded,  it  was  voted  that  the 
resolution  be  accepted  and  adopted  as  read.] 

President  Sullivan.  You  have  heard  the  remarks  of  Mr. 
Sherman,  and  I  know  it  would  l)e  well  worth  your  while  to  ex- 
amine the  medal  and  to  remember  the  man  in  whose  honor  it  was 
gotten  up. 

We  have  with  us  to-day  Mr.  (Jraham,  general  manager  of  the 
Portland  Water  District,  a  man  who  has  done  much  work  to 
further  the  success  of  this  convention.  I  am  going  to  call  upon 
him  for  a  few  remarks. 

Mr.  James  W.  Graham.  Mr.  President,  Ladies  and  Gentlemen, 
—  I  simply  want  to  make  a  few  explanations  in  regard  to  the 
entertainment.     The   Fidelity   Trust    Company,    which    occupies 
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the  tall  building  in  the  Square,  extends  an  invitation  to  the  mem- 
bers and  guests  to  visit  the  building  and  go  on  the  roof,  where 
you  can  have  an  excellent  view  of  the  city,  the  harbor,  and  the 
mountains.  If  j^ou  will  call  at  the  banking  department  and  in- 
quire for  either  Mr.  Weeks  or  Mr.  Gould,  they  will  be  very  pleased 
to  take  you  up. 

In  regard  to  the  excursion  for  this  afternoon,  we  want  to  leave 
immediately  after  the  adjournment  of  the  morning  session.  I 
would  like  you  to  pass  out  the  front  door,  where  a  group  picture 
will  be  taken  on  the  steps  of  the  city  building,  and  then  we  will 
proceed  at  once  to  the  boat,  five  minutes'  walk.  A  clambake  will 
be  held  at  Long  Island,  probably  about  one  o'clock,  after  which 
the  remainder  of  the  afternoon  will  be  spent  in  a  sail  through 
Casco  Bay,  among  the  islands. 

For  Thursday,  there  is  a  trip  to  Sebago  Lake  and  Naples. 
The  party,  as  you  will  notice  from  the  program,  is  split  into  sec- 
tions, one  section  going  out  by  special  train  from  the  Union  Station 
at  one  o'clock  to  Sebago  Lake,  where  they  will  transfer  to  two 
steamers,  which  will  be  in  waiting,  which  will  take  them  across 
Sebago  Lake  and  through  the  Songo  River  to  Naples,  arriving 
about  four  o'clock. 

The  automobile  section  will  leave  City  Hall,  this  building,  at 
one  o'clock.  Automobiles  will  be  on  the  Myrtle  Street  side,  and 
go  by  the  way  of  Poland  Springs  to  Naples,  arriving  there  at  four 
o'clock.  The  Rickers  at  Poland  Springs  have  very  kindly  con- 
sented to  allow  us  to  visit  the  grounds,  the  spring,  and  see  the 
manner  in  which  they  prepare  their  water  for  the  market.  They 
will  have  guides  there  to  show  you  around.  The  only  restriction 
that  they  have  made  is  that  if  there  are  any  children  in  the  party, 
they  will  not  be  admitted  to  the  grounds. 

The  Chamber  of  Commerce  have  been  working  very  hard  to 
secure  a  sufficient  number  of  automobiles,  but  we  find  that  a 
great  many  people  in  the  city  who  own  automobiles  are  at  this 
time  taking  vacations,  so  that  the  cars  are  limited,  and  I  would 
request  the  local  members  to  take  the  trip  by  rail  and  boat,  and 
return  the  same  way.  The  trip  by  automobile  is  about  forty- 
five  miles,  and  over  a  dusty  road.  If  there  are  any  who  prefer 
to  go  and  return  by  the  boat,  we  can  accommodate  them  that 
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way  very  easily.  The  tickets  for  this  excursion  will  be  given  out 
on  the  sail  this  afternoon. 

On  Friday  Mr.  West  has  arranged  an  entertainment  for  the 
ladies  at  Riverton  Park,  at  3.30.  A  special  car  will  leave  the 
waiting-room  in  Monument  Square.  After  the  adjournment  on 
Friday  afternoon,  the  gentlemen  of  the  party  who  care  to  may  go 
out  to  Riverton  and  have  lunch  there,  or  lunch  here  in  the  city 
and  then  go  out  afterwards.  If  we  can  get  a  sufficient  number, 
the  managers  at  the  Park  say  that  they  will  furnish  a  special 
dinner  for  us.  Those  who  are  intending  to  go  out  there  for  lunch 
will  kindly  leave  word  at  the  Secretary's  office,  in  order  that  we 
may  know  how  many  to  prepare  for. 

In  the  evening,  there  will  be  a  short  business  session  in  the 
open-air  theater,  after  which  an  entertainment  which  has  been 
prepared  by  the  Water  District  people,  of  local  talent,  assisted 
by  some  of  the  members  of  the  Association. 

Regarding  the  Saturday  trip  to  the  White  Mountains,  the 
Maine  Central  Railroad  have  very  kindly  given  us  a  two-dollar 
rate  for  the  round  trip.  The  tickets  will  allow  you,  if  you  wish, 
to  stop  over,  returning  Sunday.  The  train  leaves  Saturday  from 
the  Union  Station  at  8.45,  arriving  at  Fabyan's  at  12.28.  If 
you  care  to  return  that  day,  the  return  train  from  Fabyan's  is 
at  5.03,  arriving  at  Portland  at  8.27.  Those  who  desire  to  stay 
over  may  return  Sunday  at  2.30,  arriving  at  Portland  at  5.45. 
Dining-car  service  on  all  trains. 

On  motion  of  Mi'.  Stacy,  duly  seconded,  it  was  voted  that  the 
President  appoint  a  committee  of  five  to  nominate  officers  for 
the  coming  year. 

The  President  subsequently  appointed  the  following  committee: 
Charles  S.  Sherman,  Boston,  Mass.,  chairman;  A.  W.  Cuddeback, 
Paterson,  N.  J.;  James  Burnie,  Biddeford,  Me.;  R.  C.  P.  Cogges- 
hall,  New  Bedford,  Mass.;  George  Batchelder,  Worcester,  Mass. 

Mr.  Taylor.  Mr.  President,  Ladies  and  Gentlemen,  —  It 
occurred  to  me  this  morning  that  perhaps  it  might  add  to  the 
enjoyment  of  the  members  and  guests  to  visit  the  new  cold- 
storage  i)lant  which  has  recently  been  erected  in  Poi'tland,  and 
on  behalf  of  the  New  England  Cold  Storage  Company  I  extend 
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to  the  members  and  guests  of  the  New  England  Water  Works 
Association  an  invitation  to  visit  that  plant.  If  the  President 
or  officers  will  arange  for  a  certain  hour,  I  will  see  that  there  are 
guides  or  officers  of  the  company  to  show  you  around.  That 
hour  has  not  been  arranged  for,  that  I  know  of. 

President  Sullivan.  I  know  we  all  appreciate  the  kind  in- 
vitation of  Mr.  Taylor,  and  I  hope  many  members  will  avail  them- 
selves of  the  opportunity.  Our  invitations  in  Portland  are  com- 
ing thick  and  fast.  I  am  going  to  call  upon  Mr.  Graham  again 
to  say  a  word. 

Mr.  Graham.  The  Portland  Stoneware  Company,  Winslow 
&  Company,  extend  an  invitation  to  the  Association  to  visit  their 
works  and  inspect  their  process  of  manufacturing  sewer  pipe. 
I  think  this  will  be  very  interesting  to  you,  particularly  the  en- 
gineers. I  think  that  Mr.  Johnson,  the  chairman  of  the  Conven- 
tion Committee,  has  arranged  for  some  particular  hour  in  which 
this  visit  may  be  made,  and  it  will  be  published  in  the  daily  water- 
works record,  and  also  perhaps  an  announcement  will  be  made 
at  the  meeting. 

President  Sullivan.  The  Oxford  County  Agricultural  So- 
ciety extends  a  cordial  invitation  for  our  body  to  attend  the 
fair  on  any  of  the  three  days.  There  are  special  trains  from 
Portland,  September  13  and  14;  one  fare  and  free  admission  for 
our  members. 

I  want  to  thank  all  the  gentlemen  for  their  kind  invitations. 
Is  Mr.  Cole  here? 

Mr.  Cole.  At  the  June  meeting  of  the  American  Water  Works 
Association,  a  committee  was  appointed  to  confer  with  the  com- 
mittee of  this  Association  in  regard  to  a  uniform  blank  to  be  used 
by  the  water-works  associations  throughout  the  country  in  com- 
piling statistics.  The  report  was  adopted  and  will  be  printed. 
The  sentiment  that  a  committee  of  this  Association  should  be 
appointed  was  very  pronounced.  It  is  hoped  that  at  this  meeting 
you  will  appoint  a  committee  to  work  with  that  committee. 

I  move  that  the  President  appoint  a  committee  to  confer  with 
the  committee  from  the  American  Water  Works  Association, 
to  prepare  a  uniform  blank  form  of  accounting  for  water  consump- 
tion. 
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President  Sullivan.  Mr.  Sherman,  you  were  on  the  other 
committee.     Have  you  anything  to  say  on  the  motion? 

Mr.  C.  W.  Sherman.  I  don't  know  as  there  is  anything  to 
say.  This  Association  has  a  committee  which  reported  two  or 
three  years  ago.  Its  duty  was  primarily  to  collect  statistics, 
taking  cities  of  different  types.  They  presented  a  rather  volumin- 
ous report,  and  went  out  of  existence.  We  have  no  committee 
at  the  present  time.  It  seems  to  me  that  it  would  be  proper  and 
desirable  that  we  should  appoint  a  committee  to  cooperate  with 
the  corresponding  committee  of  the  American  Association,  as 
Mr.  Cole  suggests. 

[Mr.  Cole's  motion  was  put  and  carried.] 

The  President  subsequently  appointed  the  following  committee: 
Edward  S.  Cole,  New  York,  chairman;  D.  A.  Heffernan,  Milton, 
Mass.;  Percy  Sanders,  Concord,  N.  H.;  E.  W.  Kent,  Newport, 
R.  I.;  Caleb  M.  Saville,  Hartford,  Conn. 

President  Sullivan.  The  paper,  "  The  Water  Supply  of 
Portland,"  by  David  E.  Moulton,  Esq.,  of  Portland,  has  been 
postponed  until  this  evening,  for  the  reason  that  Mr.  Moulton 
has  a  number  of  slides  showing  the  water  supply  of  Portland,  and 
Sebago  Lake.  It  is  an  excellent  paper,  and  I  trust  that  not  only 
the  members  but  the  ladies  will  attend  the  evening  session  and 
get  a  bird's-eye  view  of  Portland's  water  supply. 

It  is  many  years  ago  since  we  were  thrilled  by  the  explorations 
and  hardships  of  Lieutenant  Peary.  Again  and  again  we  followed 
him,  year  after  year,  in  spirit  as  Captain  Peary.  Did  ever  a  man 
stick  to  such  hard  and  dangerous  undertakings  for  the  glory  of 
the  people  of  the  United  States?  Then  came  the  final,  the  super- 
human dash,  the  climax  of  all  modern  explorations. 

After  that,  the  applause  of  a  grateful  nation,  the  proper  recog- 
nition by  the  government,  and  we  have  with  us  to-day  the  man 
who  braved  the  hardships,  conquered  the  unknown,  and  finally 
planted  the  stars  and  stripes  on  the  top  of  the  world.  Admiral 
Robert  E.  Peary. 

Admiral  Robert  E.  Peary,  U.S.N.  Mr.  President,  Ladies, 
and  Gentlemen  of  the  New  England  Water  Works  Association,  —  I 
very  much  appreciate  your  President's  eloquent  introduction, 
but  the  incidents  of  which  he  speaks  are  ancient  history  to-day; 
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but  you  are  an  organization  and  we  a  nation  that  is  more  inter- 
ested in  things  of  the  present  and  the  future  than  in  matters  of 
the  past,  so  I  am  not  going  to  touch  this  morning  at  all  on  Arctic 
matters,  or  the  North  Pole.  The  climate  is  very  comfortable 
and  suitable  here  just  as  it  is  at  present. 

I  have  very  much  appreciated  the  compliment  of  being  asked 
to  speak  here  to-day,  and  I  have  specially  prized  the  opportunity, 
because  it  gives  a  chance  to  say  two  or  three  words  to  an  organiza- 
tion made  up  of  thinking  and  doing  members,  the  type  of  our 
American  citizenship,  and  I  am  going  to  speak  to  you,  just  briefly, 
on  the  subject  which  to  me  to-day  is  the  most  important  one  for 
this  nation.  It  sometimes  seems  to  me  as  if  it  were  the  only  issue 
before  us  to-day;  that  is,  the  question  of  putting  ourselves  in  the 
shape  that  is  due  ourselves,  as  one  of  the  greatest  nations  and 
powers  in  the  world,  and  putting  ourselves  in  a  shape  that  we  must 
be  in,  if  we  expect  to  continue  our  national  existence  and  integ- 
rity; the  general  subject  of  "  Preparedness,"  but  with  special 
reference  to  what  seem  to  me  three  vital  fundamentals,  and  the 
three  biggest  items  of  that  national  preparedness.  We  have 
suggestions,  we  have  theories,  we  have  talk  in  regard  to  prepared- 
ness, but,  in  it  all,  it  seems  to  me  as  if  there  are  three  big,  broad, 
fundamental  things  which  we  must  have,  and  then  let  the  others 
come  as  accessories. 

The  first  of  those  things  is  a  fleet  of  sixteen  thirty-five  knot  battle 
cruisers,  armed  with  16-inch  guns;  eight  of  those  magnificent 
ships  in  the  Atlantic,  eight  in  the  Pacific,  complete  with  all  acces- 
sories of  torpedo  boat  destroyers  and  submarines  and  hydro- 
aeroplanes; a  fleet  to  put  the  navy  of  the  United  States  in  un- 
questioned second  place  among  the  navies  of  the  world,  and  in- 
sure absolutely  our  coastal  cities  from  continued  liability  to  attack 
by  the  battle  cruiser  division  of  any  hostile  power,  and,  during 
peace,  to  look  out  for  that  magnificent  commerce  in  all  the  seven 
seas  of  the  globe  which  is  certainly,  with  the  solution  of  questions 
still  pending  abroad,  coming  to  these  United  States  of  America. 
There  is  the  first  fundamental  thing  in  my  opinion,  a  thing  per- 
taining to  our  first  line  of  defense,  the  navy  and  the  sea. 

Next,  we  need  an  air  service  commensurate  with  our  importance, 
and  sufficient  for  our  protection;    a  separate,   independent  de- 
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partment  of  aeronautics,  with  a  seat  in  the  President's  Cabinet, 
independent  of  the  army  or  the  navy;  having  under  its  full  con- 
trol a  comprehensive  system  of  air  coast  defenses  for  the  entire 
country;  having  under  its  full  control  a  system  of  great  aviation 
schools  in  the  principal  geographical  divisions  of  the  country; 
having  under  its  full  and  undivided  control  the  development  of 
the  possibilities,  civic  and  commercial,  of  the  aeroplane  and  of 
aeronautics.  With  the  mechanical  genius,  with  the  resources, 
with  the  means  of  this  country,  under  concentrated  and  undivided 
attention,  such  a  department  can  be  and  will  be  eventually  made 
one  of  the  greatest  features  of  our  civilization,  and  will,  in  the 
near  future,  be  more  important  for  our  national  safety  in  case  of 
trouljle  than  our  army  and  our  navy  combined. 

That  may  seem  strong  language  to  you.  Later,  I  am  going  to 
quote  to  you  in  corroboration  of  that  broad  statement.  This 
is  the  second  item,  pertaining  to  our  second  line  of  defense  of  our 
coast,  pertaining  to  the  air. 

Third,  some  system  of  universal  military  education  and  train- 
ing, similar  to  the  systems  now  in  existence  in  Switzerland  and 
in  Australia,  modified  in  some  details,  perhaps,  to  fit  it  particu- 
larly to  our  especial  requirements,  but  some  system  that  will 
educate  and  train  every  youth,  every  able-bodied  man  in  the 
country,  in  military  questions,  and  still  without  imposing  upon 
the  nation  the  enormous  expense  of  a  standing  army,  and  without 
taking  these  youths  and  business  men  from  their  ordinary  pro- 
fessions, fallings,  and  avocations;  not  taking  them  from  the  pro- 
spective capabilities  of  the  country.  Switzerland  is  a  striking  ex- 
ample of  such  a  system.  There,  with  a  population  essentially 
the  same  as  that  of  Massachusetts,  four  millions,  with  an  area 
about  twice  that  of  Massachusetts,  this  little,  commercial,  par- 
ticularly non-militaristic  country  of  Switzerland  at  a  sudden  call, 
two  years  ago  the  first  of  last  August,  sent  four  hundred  thousand 
trained  citizen  soldiers  to  her  frontier,  —  ten  per  cent,  of  her 
entire  population,  —  and,  as  a  result  of  that  system,  and  of  that 
object  lesson,  Switzerland  from  that  time  until  now  has  been  an 
island  in  a  raging  sea  of  war,  and  has  been  immune  from  attack, 
aggression,  or  insult. 

Now,   what  would  that   mean   for   us  here?     It    would   mean, 
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with  a  similar  percentage  of  efficiency,  that  in  a  sudden  call  or 
emergency  these  United  States  of  America  could  send  to  their 
defense,  or  have  on  the  way  to  their  defense  in  forty-eight  hours, 
ten  million  trained  citizen  soldiers,  and  that  very  fact  would  be 
absolute  insurance  to  us  against  trouble. 

Perhaps  the  first  thing  that  occurs  to  most  of  you  is  this,  "  What 
about  the  expenses?  What  about  the  enormous  expenses  of 
these  suggested  things?  "  Can  we  stand  them?  Do  you  know 
the  equivalent  of  three  weeks  of  present  war  cost,  just  to  Great 
Britain  alone,  not  counting  in  her  allies;  not  counting  in  the  central 
powers?  Three  weeks  of  present  war  cost,  just  to  Great  Britain 
alone,  would  give  us  that  magnificent  fleet  of  sixteen  battle  cruisers, 
the  fastest  and  the  most  powerful  in  the  world,  with  all  their 
accessories. 

Three  days'  present  war  cost,  just  to  Great  Britain  alone,  would 
give  us  this  comprehensive  coast  defense  system  of  which  I  shall 
speak  a  bit  more  in  detail  later;  and  two  days  of  present  war 
cost,  just  to  Great  Britain  alone,  would  enable  us  to  inaugurate 
a  system  of  universal  military  training  and  education  in  this 
country. 

How  shall  that  expense  be  met?  In  my  own  personal  opinion, 
while  I  am  not  a  statesman  or  a  financier,  it  seems  to  me  that  the 
simplest  way  in  the  world  would  be  by  a  national  bond  issue;  a 
bond  issue  to  accomplish  two  objects,  —  first,  to  distribute  that 
expense  of  insuring  the  national  integrity  between  this  present 
generation  and  the  next,  and  perhaps  the  next;  and,  second,  that 
bond  issue,  in  small  denominations,  would  give  the  small  investor 
all  through  the  country  the  safest  and  best  possible  means  of 
investment. 

In  these  various  branches  of  preparedness,  there  is  no  one  in 
which  this  country  to-day  is  so  woefully  deficient,  absolutely 
lacking,  in  fact,  as  in  aeronautical  preparedness.  I  have  sug- 
gested —  I  have  urged  for  something  over  a  year  past  —  a  system 
of  aero  defense  of  our  coast.  The  personnel  and  the  mjiterial 
of  that  system,  pending  an  emergency  and  the  necessity  which 
would  demand  its  use  in  a  military  sense,  could  be  utilized  for 
life-saving  purposes  along  our  coast ;  for  reporting  ships ;  carrying 
aid  to  wrecks  or  disabled  ships  along  our  coast,  but,  at  the  same 
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time,  it  would  be  perfecting  for  us  an  aviation  personnel,  of  which 
to-day  we  have  nothing.  That  is  one  of  the  first  steps  to  give  us 
aeronautical  preparedness,  that  is,  a  class  of  aviators  just  as 
numerous  as  our  present  class  of  chauffeurs.  We  need  not  tens, 
or  dozens,  or  hundreds,  but  thousands  of  men  who  are  capable 
of  jumping  into  an  aeroplane  and  driving  it,  as  you  drive  your  car. 
To-day  we  have  only  perhaps  one  or  two  hundred  in  both  arms 
of  the  service,  the  army  and  the  navy.  I  doubt  if  more  than  a 
hundred  serviceable  aeroplanes  could  be  put  in  commission  at 
this  moment,  and  yet  the  army  of  the  United  States  had  the  first 
aeroplane  of  any  army  in  the  world,  and  our  navy  had  the  first 
hydro-aeroplanes  of  any  navy  in  the  world.  Probably  there  is 
no  country  in  the  world  to-day  that  has  the  material  and  the 
personnel  of  such  an  aviation  department  as  the  United  States 
of  America,  unless  it  may  be  France,  and  we  have  the  advantage 
of  France  in  that  while  the  character  of  our  material  is  young  men, 
wiry,  sandy,  cool,  courageous,  the  ideal  type  for  the  aviator,  and 
the  equal  to  the  character  of  hers,  which  are  recognized  as  the 
best  aviators  in  the  world  to-day,  we  have  so  many  more  of 
them  that  we  could  have  the  finest  air  service  in  the  world. 

Very  briefly,  let  me  outline  to  you  the  plan  of  this  aero  coast 
defense  system,  which  comprises  two  parts,- —  an  aero  coast  patrol, 
which  is  reall}^  the  picket  line,  and  a  series  of  squadron  stations. 
If  I  can  visualize  to  you  in  just  a  moment  or  two  this  coast  patrol 
matter,  it  is  this.  If  you  will  assume  our  coast  from  Eastport, 
Me.,  to  Brownsville,  Tex.,  and  from  San  Diego  up  to  Cape  Slat- 
tery;  assume  those  coasts  divided  into  sections  of  about  a  hundred 
miles  each;  assume  each  of  those  sections  with  a  coast  patrol 
station,  having  two  or  three  sturdy,  heavy-weather  aeroplanes, 
with  hangars  for  protecting  them  and  machine  shops  for  repairs, 
aviators  and  mechanicians,  and  the  like;  imagine  that  con- 
tinuous around  the  entire  coast  of  the  country,  and  that  one 
of  these  hydro-aeroplanes  will  all  th(^  time  be  out  on  what  we  will 
call  its  beat,  fifty  miles  out  from  the  coast.  We  say  fifty  miles 
now.  By  the  time  the  system  is  in  operation,  a  year  from  now, 
the  perfection  of  the  aeroplane  would  be  such  that  these  aviators 
can  ])e  a  hundred  miles  out  from  the  coast,  two  thousand  feet 
up  in  the  air  in  clear  weather;  each  machine  carrying  two  persons, 
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the  pilot  and  the  observer;  with  a  hght  wireless  apparatus  by 
which  the  machine  can  communicate  with  the  shore,  and  with 
powerful  glasses  for  scanning  the  horizon.  This  machine  will 
be  out  from  fifty  to  a  hundred  miles  from  the  coast,  two  thousand 
feet  in  the  air;  each  machine,  in  its  section,  traveling  back  and 
forth  like  a  policeman  on  his  city  beat;  the  machine  in  the  next 
section  contiguous  to  it  also  traveling  back  and  forth  over  its 
beat;  the  result  being  a  continuous  cordon  or  curtain  of  these 
hydro-aeroplanes  around  the  entire  country.  When  the  system 
is  in  effective  commission,  the  probabilities  are  that  no  ship  could 
pass  that  cordon  without  being  detected,  and  its  presence  re- 
ported to  the  shore  by  the  wireless  apparatus,  and,  if  it  were  the 
case  of  a  hostile  fleet,  the  number  and  character  of  the  ships  and 
the  probable  destination  reported  to  Washington  by  wireless; 
so  that  such  orders  as  might  be  necessary  could  be  sent  out  to  the 
submarine  flotillas,  and  the  battleship  and  battle  cruiser  squadron 
and  the  aero-squadron.  That  is  just  the  picket  line,  the  picket 
line  which  is  the  modern  evolution  and  development  of  that  origi- 
nal sentinel,  the  cave  man  clad  in  skins,  armed  with  a  stone  hatchet, 
crouched  at  the  mouth  of  the  cave  that  protected  his  family  or 
portions  of  his  tribe;  watching  for  the  approach  of  some  hostile 
force.  To-day,  our  picket  line  is  the  bird  man,  w^ay  up  in  the  air, 
miles  off  the  coast. 

That  is  only  the  picket  line.  To  make  the  aero  defense,  coast 
defense,  complete  and  sufficient  of  itself,  there  is  needed  in  addi- 
tion to  that  the  effective  military,  as  you  might  say,  or  fighting 
part  of  the  aero-defense,  and  that  would  be  comprised  in  squadron 
stations  at  or  near  every  one  of  our  great  coastal  cities,  Portland, 
Boston,  New  York,  Atlantic  City,  abreast  of  Philadelphia,  Fort- 
ress Monfoe,  Charleston,  Pensacola,  New  Orleans,  and  then  the 
same  on  the  Pacific  Coast.  At  or  near  each  of  these  squadron 
stations  would  be  one  or  two  or  three  hundred  aeroplanes  parked, 
like  the  tents  of  the  summer  encampment  of  pur  national  guard. 
If  any  such  number  of  aeroplanes  as  that  near  our  great  cities 
seems  astounding,  remember  that  just  such  conditions  as  that  are 
to-day  in  existence  on  the  other  side,  and  one  of  the  reasons  why 
Paris  is  not  frequently  visited  by  the  Zeppelins  is  because  there 
are  hundreds  of  aeroplanes  about  the  city,  ready  for  instant  use. 
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Let  us  see  how  this  system  of  coast  defense  works,  supposing 
it  is  in  commission.  Let  us  imagine  that  the  hydro-aeroplane 
coast  patrol  picket  line  gives  notice  by  wireless  of  the  approach 
of  a  hostile  fleet.  The  next  step  is  to  send  out  a  cloud  of  scout 
aeroplanes  from  the  squadron  stations;  send  them  out  in  numbers 
sufficient  to  completely  overwhelm  and  beat  down  any  number  of 
aeroplanes  which  could  be  transported  here  upon  the  decks  of 
the  hostile  fleet  and  its  transports.  What  become  the  conditions 
then?  Simply  the  condition  of  a  blind  man  struggling  with  a 
man  in  the  possession  of  his  senvses.  The  hostile  force  has  no 
means  of  determining  our  strength  or  disposition,  while  we  have 
every  means  of  determining  his  strength  and  disposition.  And 
next  follow  the  great  battle  biplanes  or  triplanes  which  carry 
tons  of  high  explosives.  There  are  squadrons  of  these,  and  per- 
haps in  the  near  future  they  will  carry  aereal  torpedoes,  with 
which  to  amupe  the  hostile  fleet.  Should  the  major  portion  or 
any  considerable  portion  of  such  a  fleet  escape  this  first  off-shore 
attack  and  get  near  enough  to  the  coast  to  effect  a  landing,  as 
3^ou  will  recall  was  effected  on  the  coast  of  Long  Lsland  in  the 
naval  maneuvers  quite  recently,  then  comes  the  next  step,  in 
which  every  aeroplane  and  every  aviator  in  that  region  would 
be  commandeered  in  the  same  way  we  would  connnandcer  every 
automobile  and  every  chauffeur  to  transport  supplies  or  troops. 
Every  aviator  and  every  aeroplane  would  be  commandeered  and 
supplied  with  explosives  to  use  at  that  most  vital  next  step  of  the 
enemy,  the  attempt  to  land  a  party. 

Now,  what  I  have  said  to  you  in  regard  to  numbers  of  aeroplanes 
that  we  need  in  this  country  probably  seems,  even  to  the  best-read 
and  best-informed  among  you  in  regard  to  aeronautics,  as  a  dream, 
or  at  least  something  only  of  the  remote  future.  As  a  matter  of 
fact,  it  will  be  a  reality  in  the  near  future.  How  many  of  you 
here  this  forenoon  are  aware  of  the  fact,  said  to  be  true  (I  can't 
vouch  for  the  figures  in  regard  to  matters  on  the  other  side  because 
we  do  not  know  here  as  yet,  and  pi'obal)ly  will  not  know  until 
after  the  war  is  over),  but  it  is  said  that  to-day  the  personnel  of 
the  French  air  service  numbers  more  officers  and  men  than  wo  have 
in  our  entire  aiiny,  and  that  the  personnel  of  the  British  air  service 
to-dav  numbers  more  officers  and  men  than  we  have  in  our  entire 
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navy.  There  seems  to  be  no  doubt  whatever  but  that  in  German3^ 
there  are  from  nine  to  ten  thousand  aeroplanes  along  the  various 
battle  fronts,  and  probably  France  has  an  equal  number.  England 
also  has  thousands,  so  it  does  not  seem  a  very  wild  dream  for  those 
acquainted  with  the  facts  to  imagine  the  time  when  this  country 
will  have  at  least  two  thousand  aeroplanes  along  each  of  its  coasts, 
ready  for  military  emergency,  but,  pending  that  time,  engaged  in 
the  study  of  our  coasts  and  the  waters  off  them;  engaged  in  life- 
saving  and  perhaps  the  assisting  of  vessels  in  disti'ess,  and  also 
carrying  the  mail.  Carrying  the  mails  is  going  to  be  one  of  the 
earliest  developments  of  the  aeroplane. 

Now,  just  a  quotation  or  two,  to  bring  home  to  you  the  fact 
that  what  I  have  been  telling  you  is  based  upon  actual  experi- 
ence. I  am  going  to  quote  to  you,  very  briefly,  the  remarks  of 
men  over  on  the  other  side  of  the  water;  men  who  are  of  the  high- 
est grade  of  intelligence,  bred  to  knowledge  and  vision;  men  who 
are  in  the  very  thick  of  the  vital  things  which  are  happening  over 
there;  men  on  whose  shoulders  rest  the  safety  and  lives  of  their 
respective  nations. 

Mr.  Balfour,  on  the  floor  of  the  House  of  Commons:  "  The 
time  is  here  when  command  of  the  sea  will  be  of  no  use  to  Great 
Britain  without  corresponding  command  of  the  air."  Lord 
Charles  Beresford,  on  the  floor  of  the  House  of  Lords:  "  The 
time  is  here  when  Great  Britain's  air  service  will  be  more  vital 
to  her  existence  than  her  army  and  her  navy  combined."  Lord 
Montague:  "  Every  first-class  nation  in  the  world  immediately 
will  be  forced  by  that  sheer  necessity  which  knows  no  law,  which 
recognizes  no  precedent,  which  fears  no  government,  to  have  a 
separate  independent  department  of  aeronautics."  General 
Pitame,  one  of  the  great  defenders  of  Verdun,  on  the  floor  of 
the  first  Chamber  of  Deputies:  "  I  see  in  the  near  future  France 
with  fifty  thousand  aeroplanes." 

This  matter  of  the  aeronautical  development  of  this  country, 
ladies  and  gentlemen,  has  especial  significance  to  me  here  to-day, 
in  this  particular  place,  because  this  coast  patrol  system  which 
is  moving  forward  and  probably  will  become  an  actual  fact,  com- 
menced when  that  system  was  launched  in  this  very  building, 
jn  the  Mayor's  office,  a  year  ago;  when  the  project  was  presented 
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to  the  Mayor  of  Portland,  turned  over  by  him  to  the  Portland 
Chamber  of  Commerce,  carried  to  a  successful  issue  as  regards 
the  raising  of  funds  for  the  establishment  of  one  of  these  stations. 
The  movement  has  crept  along  both  of  our  coasts.  Fourteen 
cities  to-day  have  the  funds  ready  to  establish  such  stations. 
Some  of  them  would  have  been  established  ere  this  had  it  not  been 
that  early  last  winter  Senator  Johnson  of  Maine  introduced  in 
the  Senate  a  bill  providing  for  an  appropriation  of  a  million  and 
a  half  with  which  to  establish  that  system  around  our  entire 
coast,  and,  a  week  later,  Representative  Kearns  of  San  Francisco 
introduced  the  same  bill  in  the  House  of  Representatives,  and 
there  is  a  practical  certainty  that  that  bill  will  be  passed  at  the 
next  session  of  Congress. 

Believe  me,  gentlemen,  there  is  to-day  no  more  crucial  question 
affecting  both  the  military  and  the  civil  and  commercial  progress 
and  position  of  the  United  States  than  a  great  independent 
department  of  aeronautics  at  Washington,  to  give  us  command 
of  the  air. 

I  thank  you  very  much  for  your  kindly  attention. 

President  Sullivan.  It  is  certainly  interesting  to  know  that 
this  is  the  first  anniversary  of  that  history-making  episode  that 
occurred  in  this  municipal  building  one  year  ago,  and  Admiral 
Peary  certainly  stated  clearl}^  and  reminded  us  of  that  motto, 
"  Safety  first." 

I  wish  to  thank  the  Admiral,  in  behalf  of  the  New  England 
Water  Works  Association,  for  his  presence  here  to-day.  The 
meeting  now  stands  adjourned. 

[The  meeting  was  then  adjourned  until  8  p.m.] 

Evening  Session,  Wednesday,  September   13,    1916. 

The  meeting  was  called  to  order  at  8.15  p.m.,  President  Sullivan 
in  the  chair. 

The  Secretary  read  an  application  for  membership  from  Mr. 
W.  H.  Williams,  superintendent  of  public  works,  Braddock,  Pa., 
which  had  been  properly  endorsed  and  approved  by  the  Execu- 
tive Committee.  On  motion,  the  Secretary  was  empowered  to 
cast  the  ballot  of  the  Association  in  favor  of  the  candidate,  and, 
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he  having  done  so,  he  was  declared  by  the  President  duly  elected 
as  a  member  of  the  Association. 

Mr.  David  E.  Moulton  read  a  paper  on  "  The  Water  Supply 
of  Portland,"  which  was  illustrated  by  stereopticon  slides. 

Mr.  Harvey  D.  Eaton  read  a  paper  on  "  The  Extension  of  the 
Water  District  in  Maine." 

Mr.  L.  L.  Wadsworth  read  a  paper  on  "  The  Water  Supply 
of  Madison,  Anson,  and  Emben."  These  papers  were  discussed 
by  Mr.  Fuller  and  Mr.  McKenzie. 

A  paper  by  Mr.  E.  E.  Lochridge,  on  "  The  Application  of  Coagu- 
lant Intermittently  in  Excess  Amounts  at  Springfield,  Mass.," 
was  read  by  Mr.  Hawley,  in  the  absence  of  Mr.  Lochridge. 

Morning  Session,  Thursday,  September  14,  1916. 

The  Secretary  read  the  applications  for  membership  of  Patrick 
J.  Mullen,  Cambridge,  Mass.,  and  Perley  J.  Blake,  Pepperell, 
Mass.,  both  of  which  had  been  properly  endorsed  and  approved 
by  the  Executive  Committee. 

On  motion,  the  Secretary  was  empowered  to  cast  the  ballot 
of  the  Association  in  favor  of  the  candidates,  and,  he  having  done 
so,  they  were  declared  by  the  President  duly  elected  members 
of  the  Association. 

President  Sullivan.  The  membership  is  growing,  and  we 
have  now  a  membership  of  considerably  over  a  thousand,  but  the 
field  is  still  broad,  and  we  trust  that  some  of  our  members  will 
bring  in  their  friends,  engineers  of  pumping  stations,  general 
foremen,  registrars,  men  who  are  interested  in  water-works 
problems  generally,  because  we  believe  it  will  be  of  benefit  not 
alone  to  them  but  to  us. 

We  have  with  us  this  morning  Mr.  Cummings,  secretary  of  the 
Bureau  of  Conventions,  Portland  Chamber  of  Commerce,  and  I 
will  call  upon  Mr.  Cummings  for  a  few  words. 

Mr.  Cummings.  Mr.  President  and  Gentlemen,  —  I  was  booked 
to  speak  to-morrow  instead  of  to-day,  but  the  plans  having  been 
rearranged,  it  brought  me  in  this  morning;  something  that  might 
be  called  a  detour. 

There  was  a  Portland  youth  of  six  or  seven  years  who  had  been 
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out  with  his  father  and  mother  in  an  automobile,  and  heard 
something  about  a  detour.  He  looked  at  his  mother  and  said, 
"  Mother,  I  know  what  a  detour  means."  She  said,  "  What 
does  it  mean?  "  He  said,  "  It  means  mud."  We  will  endeavor 
not  to  make  the  detour  of  this  morning  mean  mud,  because  water 
men  naturally  keep  away  from  mud,  as  far  as  possible. 

It  is  not  necessary  for  me  to  speak  in  behalf  of  the  Chamber  of 
Commerce  anj^  word  in  reference  to  our  city,  of  which  we  are  so 
proud,  because  you  have  seen  it,  and  can  judge  for  yourselves. 
As  your  President  told  you  yesterday,  Portland  is  the  birthplace 
of  the  father  of  Maine's  prohibitory  liquor  law,  and,  naturally, 
we,  having  been  brought  up  on  water  and  nurtured  on  it,  want 
the  real  article.  We  are  somewhat  fussy  about  the  quality  of 
our  water. 

A  few  years  ago  I  was  secretary  of  the  board  of  health,  an  office 
that  went  along  with  the  cit}^  clerkship.  The  doctors  on  the  board 
naturally  did  most  of  the  board  of  health  work.  We  closed 
Saturday  noon,  and  about  one  o'clock  one  Saturday  a  fellow 
straggled  in  from  one  of  the  up-country  towns  and  said  that  he 
was  looking  for  the  board  of  health.  I  said,  "  The  board  of 
health  office  is  closed,  but  I  am  secretary  of  the  board.  Anything 
I  can  do  for  you?  "  He  said,  "  Yes.  Do  you  know,  there  is  a 
dead  man  in  Sebago  Lake."  I  said  I  wasn't  aware  of  the  fact. 
He  said,  "  Yes,  there  is."  He  gave  me  the  name,  and  told  me 
when  he  was  drowned.  As  you  know,  we  get  our  water  from 
Sebago  Lake,  and  naturally  I  was  a  little  interested.  He  said, 
"  I  know  where  he  is."  I  said,  "  If  that  is  true,  you  are  an  in- 
teresting character.  Where  is  he?  "  He  went  on  to  tell  me  in 
nautical  terms  that  he  was  so  many  points  north  by  northeast  of 
a  certain  point,  indicating  that  he  knew  what  he  was  talking  about, 
and  he  wanted  to  be  employed  to  drag  for  the  body.  I  said, 
"  We  will  go  down  and  see  the  water  connnissioners;  they  will 
be  interested  in  this."  He  said,  "  I  thought  the  board  of  health 
would."  I  said,  "  It  is,  but  let  us  start  with  the  water  commis- 
sioners." He  looked  up  and  he  said,  "  Wouldn't  the  Government 
be  interested  in  this?  "  I  said,  "  Just  why  do  you  think  the  Gov- 
ernment might  be  interested  in  it?  "  He  said,  "  Wouldn't  that 
come  under  the  pure  food  law?  " 
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I  was  assigned  to  speak  on  Sebago  Lake,  but  I  am  not  going  to 
give  any  formal  talk  on  that  subject  or  anything  else,  except  in 
this  general  way.  As  we  all  know,  we  need  the  cooperation  of 
the  people  and  of  the  rnunicipality  in  the  affairs  relating  to  public 
matters,  particularly  in  reference  to  water  works.  We  are  espe- 
cially fortunate  in  Portland  in  having  our  water  plant  under  the 
control  of  a  non-partisan  commission.  Portland  is  interested, 
and  stands  back  of  the  commission,  but  it  is  not  very  keen  on 
elections.  Yesterday  I  ran  through  the  city  clerk's  record,  just 
to  see  how  the  comparative  vote  was  on  elections  on  trustees. 
First,  in  1907,  whon  the  vote  came  whether  the  city  should  take 
over  the  water  works,  a  two  or  three  million  dollar  proposition,  — 
and  we  had  14  000  voters,  —  only  3  499  came  out.  If  it  had  been 
a  question  of  whether  or  not  we  should  have  three  ward  constables 
instead  of  four,  or  who  should  be  sheriff,  I  have  no  doubt  we 
would  have  got  out  pretty  nearly  all  of  the  14  000. 

In  1908  we  voted  for  a  water  trustee.  The  act  creating  the 
water  district  provided  that  no  other  subject,  or  no  other  election, 
should  be  pulled  off  in  connection  with  the  water  district  election, 
but  our  City  Hall  had  burned  then,  —  the  old  hall  on  this  site,  — 
and  there  was  quite  a  discussion  as  to  whether  we  should  rebuild 
on  the  old  site,  or  over  in  Lincoln  Park,  and  what  kind  of  a  build- 
ing; whether  it  should  contain  an  auditorium,  and  a  number  of 
such  questions  as  that.  It  was  suggested  at  the  time  that  it  be 
put  to  the  voters.  We  could  not  attach  it  to  the  regular  water 
district  ballot,  but  there  was  no  objection,  of  course,  to  our  having 
a  special  expression  of  the  people  on  that  point.  So  we  had  a 
separate  ballot  box  in  every  ward  room,  and,  as  the  people  came 
up  to  vote  for  the  water  district  trustees,  they  also  cast  in  their 
ballots  expressing  their  preferences  on  the  various  topics  relating 
to  City  Hall.  We  got  out  5  761  voters  at  that  time,  but  it  was 
the  City  Hall  matter  that  really  brought  them  out. 

In  1910,  at  the  election  of  trustees,  there  were  2  986  votes  cast; 
in  1912,  3  410;  in  1913,  2  226,  and  in  1914,  3  266,  showing  that 
Portland  has  confidence  in  its  trustees;  otherwise  they  would 
come  out  in  greater  numbers  when  it  came  to  the  matter  of 
election. 

As  an  illustration  of  cooperation,  we  point  to  our  municipal 
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organ  in  the  City  Hall,  which  you  will  be  able  to  hear  to-morrow 
noon.  This  building  was  in  process  of  construction,  and  Adam 
P.  Leighton,  then  mayor,  was  at  the  head  of  the  City  Hall  Com- 
mission. Cyrus  H.  K.  Curtis,  publisher  of  the  Ladies'  Home 
Journal,  Philadelphia,  who  was  a  native-born  Portland  man,  was 
here  on  a  visit,  and  called  on  Mayor  Leighton.  The  Mayor  was 
showing  him  over  the  city,  and  took  him  through  City  Hall.  As 
they  left,  Mr.  Curtis  said,  "  I  would  like  to  do  something  for 
Portland,  some  day."  Mr.  Leighton,  who  had  been  a  boyhood 
friend,  said,  "  Perhaps  I  can  show  you  the  way."  After  Mr. 
Curtis  had  returned  home,  Mr.  Leighton  wrote  him  and  suggested 
the  introduction  of  a  municipal  organ  in  the  City  Hall.  Mr. 
Curtis  wrote  back  that  the  suggestion  very  much  appealed  to  him, 
and  asked  Mr.  Leighton  to  come  to  New  York.  He  did  so,  they 
consulted  the  builders,  and  Mr.  Curtis  gave  the  organ,  on  which 
nearly  sixty  thousand  dollars  has  been  spent.  That  includes 
the  echo  organ,  which  is  hidden  in  the  ceiling.  Li  the  programs 
which  we  will  probablj'^  be  able  to  distribute  to-morrow  is  the 
description  of  the  organ.  I  think  some  of  those  were  sent  to  you 
with  a  circular  letter  sent  out  by  the  Chamber  of  Commerce. 
That  organ  is  the  fourth  largest  in  the  world,  and  is  said  to  be 
the  best. 

It  was  predicted  by  some  that  it  would  be  a  white  elephant  on 
the  city's  hands.  The  city  went  ahead  and  hired  a  municipal 
organist  at  a  salary  of  $5  000  a  year.  This  organist  recently 
had  occasion  to  respond  to  a  toast,  and  he  got  up  and  declared 
himself  as  the  only  municipal  organist  in  captivity.  He  is  a 
wonder;  he  is  worth  every  bit  of  his  salary.  He  was  drawing 
more  than  that  when  he  came  on  from  New  York.  He  happens 
to  be  on  his  vacation  now,  but  he  has  kindly  consented  to  come 
to-morrow  and  give  an  hour's  concert,  beginning  at  half  past  one. 

To-morrow  morning,  Mme.  Eames,  the  great  singer,  is  to  be 
here  for  a  rehearsal,  in  preparation  for  some  concert  she  is  to  give. 
She  has  not  tried  out  her  voice  with  the  Portland  organ.  Mr. 
MacFarlane  is  to  have  a  rehearsal  with  her  at  quarter  past  twelve 
to-morrow,  and  he  has  asked  me  to  say  that  there  will  be  no  ob- 
jection to  anybody  being  in  there  during  the  rehearsal,  but  they 
want  absolute  quiet,  from  quarter  past  twelve  for  a  half  hour. 
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during  the  rehearsal.  The  pubHc  concert,  to  which  everybody 
is  invited,  including  the  ladies,  will  be  from  half  past  one  to  half 
past  two  to-morrow. 

In  behalf  of  the  Chamber  of  Commerce,  I  wish  to  endorse  what 
was  said  yesterday  as  to  our  pleasure  at  meeting  you  all,  and  if 
there  is  any  way  we  can  serve  you  during  your  stay  in  Portland 
or  any  other  time  that  you  come  to  see  us,  just  call  on  the  Chamber 
of  Commerce. 

President  Sullivan.  All  desiring  to  visit  Winslow  &  Com- 
pany's sewer  pipe  works  will  leave  the  car  station  at  the  head 
of  Elm  Street  at  11  a.m.  to-day.  It  is  a  very  interesting  place 
to  go,  to  view  the  manufacture  of  sewer  pipe. 

Mr.  Taylor  cordially  invites  all  who  are  interested  to  visit  the 
new  storage  plant,  one  of  the  largest  and  one  of  the  best  cold- 
storage  plants  in  the  country.  He  will  meet  any  member  who 
wishes  to  go  and  see  the  plant  at  11.30  in  front  of  City  Hall. 
To-morrow  afternoon  there  will  be  tea  for  the  ladies,  at  Riverton. 
Special  cars  will  leave  at  3  p.m.  to  take  them  down  and  bring  them 
back. 

All  those  who  wish  to  remain  down  for  the  evening's  enter- 
tainment may  do  so,  and  I  wish  it  to  be  known  that  the  committee 
desire  that  all  the  ladies  who  are  going  there  should  signify  their 
intention,  so  that  the  members  may  register,  and  it  would  be  a 
great  accommodation  to  the  committee  if  all  who  intend  to  stay 
down  for  the  dinner,  or  go  down  for  dinner  to-morrow  night  at 
Riverton,  would  register  at  the  Secretary's  office. 

[Mr.  W.  S.  Johnson  read  the  preliminary  report  of  the  Com- 
mittee on  Service  Pipes,  which  was  discussed  by  Messrs.  Fitz- 
Gerald,  Heffernan,  Hawley,  Fuller,  Hastings,  Martin,  McKenzie, 
Sawyer,  Dolan,  Speller,  Aston,  Taylor,  Agnew,  and  Weston.] 

Evening  Session,  Thursday,  September  14,  1916. 

The  Secretary  read  the  apphcation  for  membership  of  Alfred 
M.  Chaffee,  president  and  general  manager,  Oxford,  Mass., 
which  had  been  properly  endorsed  and  approved  by  the  Executive 
Committee.  On  motion,  the  Secretary  was  empowered  to  cast 
the  ballot  of  the  Association  in  favor  of  the  candidate,  and,  he 
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having  done  so,  he  was  declared  by  the  President  duly  elected  a 
member  of  the  Association. 

The  Chairman.  The  discussion  on  service  pipes  will  be  con- 
tinued this  evening,  but  on  account  of  the  other  papers  that  are 
scheduled  for  this  evening,  and  into  which  this  discussion  breaks, 
the  total  discussion  on  the  service-pipe  question  will  be  limited 
to  one-half  hour,  and  individual  members  discussing  the  paper 
will  be  limited  to  five  minutes,  and  will  be  cut  off  at  that  time. 

The  discussion  on  service  pipe  was  resumed,  being  participated 
in  by  Messrs.  Aston,  Speller,  Gear,  Martin,  and  Raymond. 

It  was  voted  to  adjourn  the  discussion  to  a  later  meeting. 

Mr.  Frank  A.  Barbour  read  a  paper  on  "  Leakage  from  Pipe 
Joints,"  and  on  motion  of  Mr.  Sherman  it  was  voted  that  Mr. 
Barbour's  paper  should  be  printed  in  the  same  form  as  the  ad- 
vance copies  of  the  papers  to  be  read  at  this  convention,  and  sent 
to  each  member  of  the  Association. 

Mr.  S.  E.  Killam,  superintendent  pipe  lines  and  reservoirs. 
Metropolitan  Water  Works,  Boston,  Mass.,  read  a  paper  entitled, 
"  Breaks  in  Main  Pipes,"  which  was  discussed  by  Mr.  FitzGerald, 
Mr.  Atwood,  and  Mr.  Fuller. 

Mr.  George  H.  Finneran,  general  foreman,  Water  Service, 
Boston,  Mass.,  read  a  paper  on  "  Emergency  Trucks  and  Repair 
Gangs." 

Friday  Morning,  September  15,  1916. 

The  meeting  was  called  to  order  at  9.15.  President  Sullivan 
in  the  chair. 

President  Sullivan.  Mr.  Cuinmings,  of  the  Poitland  Cham- 
ber of  Commerce,  is  here. 

Mr.  Cummings.  I  have  two  announcements  to  make.  One 
is  that  we  would  like  to  know  as  soon  as  we  can  this  afternoon  how 
many  are  planning  to  go  back  to  New  York  at  8.40  to-mon-ow 
night.  The  Maine  Central  and  the  Boston  &  Maine  Railroad 
have  arranged  so  that  they  can  lake  care  of  just  as  many  as  need 
to  go,  only  they  would  like  to  know  in  advance  how  many  there 
will  be  who  need  reservations.  They  have  already  put  on  one 
car,  and  they  will  put  on  as  many  more  as  are  needcnl. 
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The  other  thing  is,  that  I  want  to  remind  you  again  of  the  organ 
concert  at  1.30  to-day.  The  city  organist  is  on  his  vacation,  but 
we  have  arranged  for  him  to  come  and  give  a  concert  from  1.30 
to  2.30.     You  are  invited  to  come  and  bring  the  ladies. 

Mme.  Eames  is  to  try  out  her  voice  with  the  piano  and  with 
the  organ,  in  preparation  for  a  concert.  It  is  not  in  the  nature 
of  a  recital  at  all;  it  is  simply  a  try-out  of  her  voice.  There  will 
be  no  objection  to  the  members  and  the  ladies  being  present. 
The  only  request  is  that  there  shall  be  absolute  quiet  from  12.15 
on  for  the  matter  of  a  half  hour.  That  will  be  during  the  lunch 
hour  of  a  great  many,  and  I  suppose  that  is  why  it  was  selected,  to 
make  sure  it  will  be  quiet,  but  to  the  concert  from  1.30  to  2.30 
everybody  is  invited,  and  the  more  there  are  there  the  merrier. 

President  Sullivan.  I  am  going  to  call  on  General  Manager 
Graham,  of  the  Portland  Water  District.  I  suppose  you  have 
seen  him  about,  you  all  know  him  by  this  time,  and  you  have 
noticed  with  what  ^smoothness  and  efficiency  everything  has  been 
running  along  here  in  Portland.  He  desires  to  make  an  announce- 
ment. 

Mr.  Graham.  I  simply  want  to  take  up  a  moment  in  regard 
to  the  entertainment.  The  Portland  Water  District  automobile 
is  at  the  disposal  of  the  ladies  all  day.  Make  up  a  party  of  six, 
and,  if  you  find  it  there,  just  use  it.  The  chauffeur  has  been 
given  instructions  to  take  parties  out  for  half  or  three-quarters  of 
an  hour.     So  keep  him  busy. 

After  the  organ  recital,  Mr.  Vernon  West  would  like  to  meet 
the  ladies  who  are  going  to  Riverton,  at  the  car  waiting-station 
in  Monument  Square.  A  special  car  will  be  there  to  take  them 
to  Riverton.  This  evening  we  would  like  to  have  all  the  gentle- 
men go  out  there  to  get  their  dinners,  and  the  entertainment  will 
begin  at  eight  o'clock.  Now,  don't  let  the  weather  keep  you 
away.  It  looks  a  bit  showery  this  morning,  but  should  it  become 
rainy  the  exercises  will  take  place  in  the  ball  room,  so  that  we  will 
be  all  right,  rain  or  shine.  If  it  is  pleasant,  we  will  go  out  in  the 
open-air  theater.  I  would  like  you  all  to  go  out.  It  takes  about 
half  an  hour  to  get  there.  Take  any  car  marked  ''  Riverton 
Park,"  down  at  Monument  Square.  The  cars  run  every  fifteen 
minutes. 
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President  Sullivan.  I  wish  to  announce  that  immediately 
following  this  meeting  there  will  be  a  meeting  of  the  Executive 
Committee.  I  am  going  to  call  upon  Mr.  Sherman  as  a  member 
of  the  conmaittee  on  "  Grading  Water  Works  with  Reference  to 
Fire  Protection." 

The  report  of  the  committee  was  read  by  Mr.  Sherman,  and 
was  discussed  by  Messrs.  Booth,  Thomas,  Fuller,  Hawley,  Cogges- 
hall,  Macksey,  and  Wigmore. 

Mr.  A.  L.  Sawyer  read  a  paper  on  "  Some  Advantages  of  a 
Classified  Cash  Book." 

Mr.  E.  L.  Pride,  certified  public  accountant,  read  a  paper  on 
"  Water- Works  Accounting,"  which  was  discussed  by  Mr.  Schwabe, 
Mr.  McKenzie,  Mr.  Hawley,  Mr.  King,  Mr.  Sherman,  Mr.  Fuller, 
and  Mr.  Bacon. 

It  was  moved  by  Mr.  Sawyer  that  a  committee  on  accounting 
be  appointed.  An  amendment  was  offered  by  Mr.  Baker  that 
the  committee  should  take  into  account  the  investigations  made 
by  other  water-works  associations.  Mr.  Sawyer  accepted  the 
amendment,  and  the  motion  as  amended  was  carried. 

The  President  subsequently  appointed  the  following  committee: 
Albert  L.  Sawyer,  Haverhill,  Mass.,  chairman;  Walter  P.  Schwabe, 
Thompsonville,  Conn.;  Samuel  H.  McKenzie,  Southington,  Conn.; 
E.  D.  Pride,  Boston,  Mass.;   A.  R.  Hathaway,  Springfield,  Mass. 

The  President  announced  that  he  had  a  num])er  of  invitations 
from  different  cities  for  the  next  annual  convention. 

President  Sullivan.  I  shall  not  read  these  letters  entirely, 
only  go  over  them  rapidly.  Springfield,  Mass.,  sends  a  cordial 
invitation  for  us  to  go  to  Springfield;  the  New  Haven  Chamber  of 
Commerce;  the  Business  Men's  Association  of  Saratoga  Springs, 
through  its  secretary,  sends  a  cordial  invitation;  the  Providence 
Chamber  of  Commerce,  through  its  convention  committee  and 
president,  sends  us  a  cordial  invitation.  I  have  from  the  Holyoke 
Water  Department  a  very  urgent  invitation  supplemented  by  a 
telegram  from  the  president  of  the  Chamber  of  Commerce  and  the 
mayor, 

Mr.  McLean.  In  behalf  of  the  City  Government  of  Holyoke 
and  the  Board  of  Water  Commissioners,  I  wish  to  say  just  a  word 
and  give  you  a  hearty  invitation  to  hold  your  convention  uvxt 
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year  in  Holyoke.  You  held  your  convention  before  in  Holyoke, 
and  it  gave  us  great  pleasure  to  entertain  you  to  the  best  of  our 
ability.  Holyoke  is  young,  growing,  and  what  we  call  a  model 
American  city,  with  a  modern  water  service,  —  we  think  one  of  the 
best;  and  a  modern  fire  department,  with  modern  fire  houses, 
which  we  think  is  equal  to  the  best;  and  a  gas  and  electric  de- 
partment owned  and  controlled  by  the  city  of  Holyoke,  which  we 
think  is  of  the  best.  We  heartity  invite  you  to  come  to  Holyoke 
next  year.  We  have  a  new  modern  hotel  that  cost  close  to  a 
million  dollars,  which  is  equal  to  accommodating  all  the  guests 
and  members  that  may  come. 

Holyoke  is  admirably  situated  on  the  Connecticut  River,  al)out 
halfway  between  here  and  New  York,  about  a  hundred  miles  from 
New  York;  very  centrally  located.  It  is  a  very  pleasant  spot, 
one  of  the  garden  cities  of  New  England;  near  the  institutions 
of  learning  of  Amherst  and  Smith,  and  Mt.  Holyoke  is  just  across 
the  river.  They  are  great  seats  of  learning,  and  at  our  feet  is 
that  beautiful  Mt.  Tom,  where  visitors  and  friends  can  go  around 
and  see  the  beautiful  scenery,  the  charm  of  the  Connecticut  Valley. 
I  heartily  invite  you,  in  behalf  of  my  colleagues,  our  superinten- 
dent and  engineers  and  friends,  fifteen  in  number,  who  are  here 
to  attend  this  convention,  from  Holyoke,  and  who  always  come 
in  such  numbers.  We  always  attend  your  conventions,  and  take 
great  interest  in  your  affairs,  and  we  wish  by  our  presence  and 
our  numbers  to  do  what  we  can  to  help  make  the  convention  a 
success.  In  behalf  of  the  mayor  and  my  colleagues,  we  heartily 
invite  you,  and  trust  you  will  see  your  way  clear  to  honor  Holyoke 
by  your  presence  next  year. 

President  Sullivan.  We  heartily  appreciate  your  kind  in- 
vitation, but  under  the  constitution  the  matter  will  be  referred 
to  the  Executive  Committee  for  action. 

Mr.  Gear.  Upon  any  subject  that  Mr.  McLean  takes  up, 
there  isn't  much  left  for  anybody  else  to  say,  because  he  covers 
the  ground  so  well.  From  the  reception  we  have  got  here,  it  is 
plain  to  all  of  us  that  a  city  of  65  000  people  can  entertain  us  as 
well  as  New  York  or  Boston  or  Philadelphia.  I  had  a  different 
idea  of  Portland  before  I  came  here.  I  am  glad  I  came.  I 
thought  Portland  was  one  of  these  old  cities  that  was  incorporated 
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about  a  hundred  years  ago;  never  moved  very  fast.  I  came  here 
and  found  it  was  a  "  live  wire  "  city.  That  is  what  we  have  got  in 
Holyoke,  a  population  of  65  000,  and  we  will  entertain  you; 
everybody  in  Holyoke  will  be  at  the  gateway  to  meet  you.  Mr. 
Martin  will  be  down  in  Springfield  to  show  you  the  way  up. 
You  can  go  to  the  top  of  Mt.  Tom;  we  will  take  you  up  on  one 
of  the  best  street  railways  of  the  country.  You  can  see  Spring- 
field, Hartford,  and  New  Haven.  You  don't  have  to  go  there  at 
all;  you  can  see  them  from  Holyoke.  Lots  of  you  gentlemen  will 
have  a  few  daughters  at  Smith  College,  which  is  only  eight  miles 
from  Holyoke.  You  will  want  to  go  and  see  the  place  where  they 
will  spend  the  next  four  years  in  college.  It  will  be  a  lovely 
time  to  go  there.  Across  the  river  is  Mt.  Holyoke.  There  are 
about  seventeen  hundred  girls  there,  and  about  a  thousand  in 
Smith  College.  You  can  go  and  smile  at  them.  At  Amherst 
College  your  boys  will  be  learning  agriculture,  and  there  is  an- 
other college  where  they  go,  besides  the  agricultural  college. 

People  who  have  traveled  all  over  the  world,  up  the  Hudson 
and  through  Switzerland,  go  on  the  top  of  Mt.  Tom  and  say  that 
is  the  most  beautiful  spot  they  have  ever  laid  eyes  on.  That  is 
what  we  will  show  you.  We  will  show  you  something  else.  If 
you  want  to  come  by  railroad  into  Holyoke,  we  can  bring  you  on  a 
steam  railroad  that  is  owned  by  the  city  of  Holyoke,  the  only 
city  in  the  United  States  that  owns  a  steam  railroad  of  its  own. 
We  have  seven  miles  of  railroad,  and  that  belongs  to  the  city  of 
Holyoke  —  leased,  of  course,  to  the  New  Haven.  They  pay  us 
14  per  cent,  forever  on  it,  so  we  don't  kick.  That's  the  way  we 
are  fixed  in  Holyoke.  Every  automobile  in  Holyoke  will  be  at 
your  command  while  you  are  there.  Any  time  you  want  to  go, 
we  will  take  you;  we  will  guide  you  around  one  of  the  nicest 
water-works  spots  of  its  size  in  the  country,  and  we  can  show  you 
the  cheapest  water  and  the  best  drinking  water.  You  can  drink 
all  you  want  of  it,  and  they  have  other  stuff  to  drink  in  Holyoke, 
too. 

President  Sullivan.  I  trust  all  the  members  will  be  here  at 
the  afternoon  session,  so  we  may  close  up  the  business  of  the  con- 
vention. 

[The  morning  session  then  adjourned.] 
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Afternoon  Session,  Friday,  September  15,  1916. 

The  meeting;  was  called  to  order  at  3.10  p.m.,  President  Sullivan 
in  the  chair. 

A  paper  entitled,  ''  A  Suggestion  that  the  Association  Ap- 
point a  Conmiittee  to  Prepare  Standard  Specifications  for  Water 
Meters  "  was  read  by  Mr.  R.  J.  Thomas,  and  was  discussed  by 
Messrs.  King,  Brown,  and  Brewer. 

President  Sullivan.  Within  a  few  years,  different  states 
have  been  creating  commissions,  utility  commissions,  and  public- 
service  commissions  for  regulating  utilities.  At  first  the  utilities 
looked  askance  at  the  creation  of  these  bodies,  but  I  can  say  from 
what  I  know  and  what  I  hear  from  others  that  the  companies 
now  consider  it  a  boon,  because  the  commissions  usually  are  fair 
and  just.  While  they  may  have  been  created  to  look  after  the 
welfare  of  all  the  people,  they  also  look  out  for  the  welfare  of  the 
utilities,  in  their  fairness  and  their  justice,  and  they  give  a  square 
deal  to  the  companies.  It  is  our  honor  and  our  privilege  to  have 
with  us  to-day  the  chairman  of  the  Maine  Utilities  Commission, 
Judge  Cleaves. 

Judge  Cleaves.  Mr.  President  and  Gentlemen  of  the  Conven- 
tion, —  I  want  in  the  beginning  to  express  my  appreciation  of  the 
privilege  of  being  here  to-day,  and  my  regret  that  I  was  unable 
to  attend  the  meetings  which  took  place  yesterday  and  the  day 
before.  During  the  few  minutes  that  you  will  have  to  bear  with 
me,  I  apprehend  you  won't  be  surprised  if  I  refrain  from  under- 
taking in  any  way  to  touch  upon  any  of  the  technical,  managerial, 
organization,  or  engineering  features  which  you  men  are  so  fa- 
miliar with,  and  concerning  which  I  have  not  even  a  superficial 
knowledge.  What  I  say  to  you  will  be  along  very  broad  lines, 
along  the  line  which  the  President  in  his  introduction  suggested. 

Between  the  three  groups  which  in  every  New  England  state 
now  are  dealing  not  only  with  the  commodity  which  you  have  to 
sell,  but  all  other  public  utility  commodities,  a  partnership  exists, 
consisting  of  three  members,  the  public,  the  utility,  and  the  utility 
commission;  and^  the  sooner  the  different  members  of  the  pubhc 
and  the  remaining  few  members  who  are  superintendents  or  mana- 
gers of  the  public  utilities  become  fully  convinced  of  that  fact,  the 
better  results  will  be  obtained  for  us  all.     The  utility  commission. 
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or  public  service  commission,  was  not  intended  and  was  not  created 
for  the  sole  purpose  of  carrying  on  and  carrying  out  what  was  by 
some  and  at  one  time  considered  the  sole  benefit  of  the  public,  by 
reducing  rates,  requiring  additional  service,  and  in  various  ways 
hammering  and  pounding  the  public  utilities.  One  of  the  prime 
objects,  I  believe,  at  the  end  of  nearly  two  years'  experience,  and 
one  of  the  fine  things  which  the  law  will  bring  about,  will  be  a 
much  better  understanding  between  your  customers  and  you; 
and  the  public  utility  commission  can  assist,  and  is  assisting,  in 
gradually  bringing  about  that  better  understanding.  If  a  com- 
plaint, whether  formal  or  informal,  be  made  to  a  fairly  well-in- 
formed public-service  commission,  the  members  of  that  commis- 
sion, if  they  are  honorable  and  just,  feel  it  a  duty  to  sit  down  and 
explain  to  the  complainants,  if  they  are  wrong,  wherein  they  are 
wrong.  An  individual  who  occupies  a  public  position  like  that, 
to  my  mind,  can  do  much  more  toward  placating  a  man,  or  a  group 
of  men,  who  think  they  have  grievances,  than  can  the  interested 
superintendent  or  manager  of  the  particular  utility  which  that 
complainant  wishes  to  curse  and  swear  about.  So  I  believe  that 
one  of  the  principal  and  important  functions  of  the  public  service 
commission,  not  only  in  New  England  but  elsewhere,  is  to  stand 
in  an  explanatory,  fair,  and  decent  attitude,  as  a  sort  of  a  bumper, 
not  only  between  a  group  of  complainants  who  have  no  real  griev- 
ance, and  the  public  utility  or  public  service  corporation  which 
otherwise  would  receive  first  condemnation,  but  when,  as  has 
been  the  case  in  this  state,  and  I  assume  it  has  been  the  case  in 
other  states,  a  special  drive  is  attempted  by  some  uninformed 
legislator  against  some  particular  public  utility  corporation,  or 
some  particular  class  of  public  utility  corporations. 

The  legislature  perhaps  intends  to  do  what  is  fair  and  right 
but,  through  misinformation  or  lack  of  information,  may  not  be  in 
a  position  where  they  can  do  anything  that  is  beneficial  either  to 
the  public  or  to  the  public  service  company.  The  moment  that 
a  legislature  or  commission  does  anything  which  unfairly  and 
materially  injures  any  public  service  comi)any,  that  legislature  or 
that  commission  has  done  something  which  injures  the  entire 
state  in  which  the  action  takes  place.  That,  offhand,  is  my  belief, 
as  a  result  of  a  somewhat  brief  experience. 
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I  do  not  know  how  the  matter  of  which  I  am  to  speak  may 
affect  all  New  England.  I  know  it  does  not  affect  Massachusetts, 
because  I  take  Massachusetts  as  sort  of  a  test  in  this  very  brief 
but  very  important  recommendation.  I  know  that  it  affects 
the  state  of  Maine,  and  I  should  imagine  it  would  some  of  the 
other  New  England  states.  This  organization  which  you  have, 
and  which  embraces  all  New  England,  is  splendid,  but  the  state 
of  Maine  ought  to  have  a  separate  organization,  consisting  of 
the  managers  and  all  others  who  are  interested  in  a  managerial 
capacity  with  our  water  companies.  The  big  fellows  don't 
need  it.  Take  your  Portland  Water  District  here;  well  officered, 
well  manned,  well  managed;  in  charge  of  men  who  are  scientists 
in  their  line,  who  need  no  suggestion,  no  help,  no  encouragement. 
But  those  men  cannot  stop  in  the  performance  of  their  public 
duty,  and  in  their  duty  as  citizens,  by  saying  "We  are  sufficient 
to  ourselves;  we  don't  need  help,  hence  we  won't  help  anybody 
else."  There  ought  to  be,  and  in  my  judgment  for  the  success  of 
the  smaller  water  companies  in  the  state  of  Maine  must  be,  a 
state  association  having  somewhat  frequent  meetings,  where 
there  can  come  under  discussion  the  problems  of  the  little  fellows; 
the  men  or  group  of  men  who  are  perhaps  running  a  water  com- 
pany which  is  supplying  one,  two,  or  three  communities,  where 
the  aggregate  of  their  takers  may  be  five  or  six  hundred  con- 
sumers; five  or  six  hundred  different  services.  Those  are  the 
fellows  that  need  help,  and  those  are  the  communities  that  need 
help.  Now,  why  do  the  communities  of  which  I  speak  in  the 
state  of  Maine  need  that  kind  of  assistance  which  can  come  by 
a  larger  and  fuller  information  of  our  managers?  They  need  it 
simply  because  their  managers  get  more  or  less  discouraged,  on 
account  of  the  things  that  come  up  in  their  everyday  life,  their 
everyday  business,  which  they  don't  actually  know  how  to  sur- 
mount. 

It  may  be  said  that  there  are  two  ways  that  the  law  provides, 
in  which  any  water  company  may  absolutely .  protect  and  fortify 
its  sources  of  supply.  One  is  because  the  state  gives  every  water 
company  the  right  of  eminent  domain,  which,  of  course  you  all 
understand,  is  the  right  to  go  out,  and  so  far  as  it  is  necessary  for 
the  protection  of  the  watersheds,  condemn   land,  under  certain 
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legal  proceedings;  but  you  have  to  paj^  for  it.  They  don't  give 
it  to  you.  You  have  to  pay  them  money  for  it.  We  have  a  law, 
it  may  be  said,  that  makes  it  a  penal  offense  for  any  person  to 
knowingly  or  willfully  pollute  any  pond  or  stream  or  source  of 
supply.  I  sat  for  a  good  many  years  as  a  magistrate  in  one  of 
the  poHce  courts  in  the  state,  and  if  any  of  you  gentlemen  happen 
to  be  lawyers  you  know  how  easy  it  would  be  for  a  good  attorney 
to  show  absolutely  to  a  court,  and  particularly  to  a  jury  of  the 
count}^,  that  the  ordinary  pollution  was  neither  done  knowingly 
or  willfully,  because  there  is  a  vast  difference,  legally,  between  an 
act  done  knowingly  and  willfully  and  the  same  act,  having  the 
same  result,  done  heedlessly  or  carelessly.  But  the  pollution 
which  goes  into  your  water  suppl}',  and  through  your  water  sj^s- 
tem  to  the  consumer;  the  pollution  which  comes  from  heedless- 
ness and  carelessness,  is  just  as  dangerous  as  though  it  was  the 
result  of  a  knowing  or  willful  malperformance. 

Now,  in  Massachusetts,  the  legislature  has  not  only  enacted 
a  law,  making  it  an  offense  to  knowingly  and  willfully  pollute 
a  water  supply,  but  it  has  placed  in  the  hands  of  the  State  De- 
partment of  Health  very  large,  very  important,  and,  to  my  mind, 
very  necessary  powers.     The  statute  is  as  follows: 

"  The  State  Board  of  Health  shall  have  the  general  oversight 
and  care  of  all  inland  waters  and  of  all  streams  and  ponds  used 
by  any  citj^  town  or  public  institution  or  by  any  water  or  ice 
company  in  this  Commonwealth  as  sources  of  water  supply. 
The  board  may  make  rules  and  regulations  to  prevent  the  pollu- 
tion and  to  secure  sanitary  protection  of  all  such  waters  as 
are  used  as  sources  of  water  supply." 

No  water  company  or  sewage  company  can  secure  legislative  au- 
thority to  build  its  system  until  it  has  secured  the  recommenda- 
tion of  the  board  as  to  the  best  method  of  protecting  the  existing 
or  probable  future  water  supplies.  For  us  in  the  state  of  Maine, 
you  can  see  how  all-important  that  particular  feature  of  the 
Massachusetts  law  is,  that  before  a  sewer  company  or  a  muni- 
cipality, I  assume,  —  it  should  be  made  as  broad  as  that,  —  can 
plan  and  establish  and  put  in  use  any  sewer  system,  it  must  have 
the  recommendation  tp  the  legislature  of  this  board  of  health, 
or  whatever  particular  hoard  in  the  state  of  Maine  might  take 
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the  place  of  that,  and  before  the  company  can  put  in  its  water 
system,  it  must  have  the  recommendation  of  that  same  authority, 
in  order  to  protect  not  only  the  present  and  existing  takers  of 
water,  but  to  safeguard  the  future.     And,  further: 

"  On  petition  to  said  board  by  the  mayor  of  a  city  or  the  select- 
men of  a  town  or  the  president  of  a  water  company,  stating  that 
manure,  excrement,  garbage,  sewage  or  any  other  matter  pollutes 
or  tends  to  pollute  the  waters  of  any  stream,  pond,  spring  or  water 
course  used  by  such  city,  town,  institution  or  company  as  a  source 
of  water  supply,  the  board  shall  appoint  a  time  and  place  within 
the  county  where  the  nuisance  or  pollution  is  alleged  to  exist  for 
a  hearing,  and  after  notice  thereof  to  parties  interested,  and  a 
hearing,  if  in  its  judgment  the  public  health  requires,  shall  by  an 
order  served  upon  the  party  causing  or  committing  such  pollution, 
prohibit  the  deposit,  keeping  or  discharge  of  any  such  cause  of 
pollution,  and  shall  order  him  to  desist  therefrom,  and  to  remove 
such  cause  of  pollution." 

We  have  had  during  the  last  year  several  complaints  from 
parties  against  three  or  four  and  perhaps  half  a  dozen  different 
small  water  companies  in  the  state  of  Maine,  wherein  it  was 
alleged,  and  amply  proven,  that  the  supply  of  water  that  that 
particular  company  was  putting  into  its  mains  and  serving  to 
the  public  was  absolutely  unfit  for  domestic  use,  and  in  nearly 
every  one  of  these  instances  the  company  has  very  frankly  ad- 
mitted that  the  water  being  served  was  unfit  for  domestic  use. 
It  should  be  in  every  legislative  charter,  and  if  it  is  not  in  the 
charter,  it  is  the  duty  of  the  water  company  as  a  matter  of  common 
decency  to  furnish  pure  water  for  domestic  use.  That  is  what 
you  are  for.  The  reason  why  you  group  together  and  serve  the 
public  with  water  instead  of  each  man  having  a  well  is  to  give 
service.  It  is  your  duty  to  give  good  service.  One  of  the  ele- 
ments of  good  service  is  serving  a  water  that  is  fit  for  domestic  use. 

Some  of  the  managers  came  to  us  and  said,  "  What  are  we  going 
to  do?  "  I  have  in  mind  one  particular  instance  where  the  muni- 
cipality that  was  complaining  through  its  board  of  selectmen 
as  to  the  quality  of  the  water,  had  a  slaughter  house  within  three 
hundred  feet  of  the  intake  pipe;  and  not  more  than  a  thousand 
feet  above  the  intake  pipe  of  the  unfiltered  water  there  was  a 
lumberman's  camp  that  was  used  for  all  the  things  that  such 
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a  camp  would  be  used  for;  and  hog  pens,  private  toilets,  and  all 
that  sort  of  thing  were  being  permitted  by  that  local  board  of 
health,  and  still  they  were  coming  down  and  complaining  as  to 
the  quality  of  the  water. 

In  another  instance,  there  was  a  stream  that  would  have  been 
a  perfectly  good  stream  of  water,  would  have  been  all  right  for 
domestic  use,  had  it  not  been  for  the  fact  that  a  town  six  or  eight 
miles  above  dumped  every  particle  of  its  sewage  and  garbage  into 
it  —  a  comparatively  short  distance  above  the  place  where  the 
water  takers  of  this  other  community  were  having  it,  unfiltered, 
turned  into  their  mains  and  used.  Well  might  the  manager  of 
the  company  say,  "  Yes,  our  water  is  unfit  for  domestic  use,  but 
for  heaven's  sake,  what  are  we  going  to  do?  " 

Going  back  to  the  right  of  eminent  domain,  that  water  company, 
or  any  of  these  water  companies,  might  condemn  and  by  paying 
for  the  land  take  the  land  adjoining  the  stream  or  the  pond  or 
whatever  it  is,  but  you  who  are  serving  some  of  our  small  country 
communities,  way  up  in  Maine,  or  Massachusetts,  or  anywhere 
else  know  how  impossible  it  would  be  for  a  company  whose  revenue 
is  limited,  whose  opportunity  to  broaden  out  is  extremely  limited, 
to  pay  for  the  watershed  for  that  town  or  city  of  a  somewhat  large 
river,  or  even  a  substantial  pond. 

There  are  a  lot  of  people,  and  I  have  heard  some  managers  of 
water  companies  say,  "  This  water  analyzes  all  right.  There 
is  nothing  absolutely  dangerous  to  health  in  this  water.  There 
are  no  colon  bacilli  in  it.  There  is  nothing  that  would  kill  any- 
body." Somehow,  I  am  so  constituted,  and  I  apprehend  there 
are  a  good  many  thousand  others  in  the  state  of  Maine  who  are 
constituted  so,  that  if  I  can  go  to  a  place  where  the  water  that  I 
am  drinking  in  my  house  comes  from,  and  I  see  a  hog  pen,  or  a 
horse  manure  pile,  or  a  garbage  pile,  or  anything  that  looks  like 
uncleanliness,  I  don't  care  whether  there  are  three  miUion  colon 
])acilli  to  the  tablespoonful  of  water,  or  whether  there  isn't  a 
single  one.  I  don't  like  the  idea  of  having  served  to  me  for  do- 
mestic use  water  that  consists  largely  or  partly  of  substances 
which  drain  from  those  places,  and  I  apprehend  the  average  citizen 
feels  a  gootl  deal  the  same  way.  That  is  why  Massachusetts  — 
I   don't  know  about  the  other  states    in  New  England  —  has 
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passed  that  law  from  which  I  quoted,  and  in  which  they  not  only 
refer  to  manure  and  excrement,  but  they  speak  of  garbage,  and 
all  sources  of  pollution  which  in  any  way  injure  the  public  health. 

I  believe  that  in  the  state  of  Maine  it  is  going  to  be  —  no,  it  is; 
the  time  has  arrived;  the  clock  has  struck;  there  isn't  any  going 
to  be;  it  is  now;  it  is  this  legislature,  this  year,  when  you  have 
got  to  have,  not  the  law  of  eminent  domain,  which  you  can't 
use;  not  a  law  that  says  that  whoever  "  willfully  or  corruptly  " 
pollutes  the  source  of  supply  of  a  water  company,  which  doesn't 
amount  to  anything,  but  you  have  got  to  have  some  law,  giving 
authority  to  some  board,  so  that  it  or  its  representative  can  go  to 
a  place  where  a  bad  condition  exists,  and  if  it  seems  reasonable 
that  that  corporation  or  that  man  or  that  municipality  or  whoever 
it  may  be  is  needlessly  maintaining  something  which  is  dangerous 
to  health  or  obnoxious  to  the  senses  of  the  average  human  being, 
either  near  or  within  a  stream  which  is  supplying  other  human 
beings  with  water,  the  board  can  make  the  individual  or  the  cor- 
poration remove  that  source  of  pollution  and  desist  from  future 
accumulation. 

Somebody  may  ask,  "  Who  is  going  to  pay  for  this?  "  "  The 
poor  people  are  going  to  pay  for  it,  and  it  is  awful."  The  state 
will  take  hold  of  it.  In  Massachusetts  the  statute  provides  that 
an  individual  may  be  paid,  if  that  which  is  necessary  actually 
deprives  him  of  the  use  of  his  land;  the  individual  shall  be  paid, 
and  paid  by  the  state.  The  state  of  Maine  is  taxing  all  the  people 
to  build  roads  for  some  of  the  people.  Under  the  referendum 
which  we  have  recently  enacted,  the  state  is  going  to  tax  all  the 
people  to  help  some  of  the  people  build  bridges.  Almost  every 
legislature  which  has  met  within  my  recollection  (and  it  goes  back 
further  than  I  care  to  admit)  has  passed  some  special  act  to  aid 
financially  —  and  that  money  comes  from  all  the  people  —  to  aid 
financially  some  small  town  whose  bridge  has  been  swept  away  by 
flood  when  the  resources  of  the  town  were  such,  and  crippled  to 
such  an  extent,  that  it  was  impossible  for  it  to  build  or  rebuild 
that  bridge.  Now,  is  it  any  more  important  that  all  the  people 
should  aid  in  the  building  of  roads;  all  the  people  should  aid  in 
the  care  of  the  insane  and  the  poor  and  the  mentally  defective, 
which  we  are  doing;  in  the  building  of  bridges  on  a  large  scale,  or 
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in  the  individual  case  of  towns,  than  it  is  to  take  hold  of  this  tre- 
mendously important  proposition  of  protecting  the  health  of  all 
the  public  by  aiding  those  companies  which  cannot  afford  to  get 
control  of  watersheds  by  the  right  of  eminent  domain,  and  to 
give  to  the  water  takers,  the  people  of  our  state,  that  which  it  is 
our  duty  to  give,  namely,  pure  water?  If  there  is  anything  on 
the  face  of  the  earth  within  reason  that  the  Public  Utility  Commis- 
sion of  the  State  of  Maine  can  do  to  aid  and  assist  in  the  passage 
of  such  a  law  as  that,  for  which  we  feel  there  is  the  necessity,  I  say 
to  you  that  we  have  the  disposition  to  help  you. 

President  Sullivan.  You  have  heard  the  able  address  of  the 
chairman  of  the  Public  Utility  Commission.  We  agree  with  all 
his  remarks  but  one,  and  that  is  that  the  "  State  of  Maine  ought 
to  have  a  separate  organization."  We  as  members  of  the  New 
England  Water  Works  Association  do  not  beheve  it  is  necessary. 
More  effective  and  better  results  can  be  obtained  by  our  larger 
organization.  The  membership  of  the  New  England  Water  Works 
Association  is"  broader  than  New  England.  It  has  no  Maine, 
New  Hampshire,  Vermont,  Massachusetts,  Rhode  Island,  or  Con- 
necticut. In  this  day  of  merger  and  combination,  some  of  us,  at 
least,  believe  there  can  be  better  and  more  effective  work  done  in 
an  Association  of  this  kind  by  having  all  the  states  represented, 
not  alone  the  New  England  States,  but  the  United  States,  Canada, 
and  I  might  say  the  world.  We  have  members  from  foreign 
countries.  It  is  by  numbers  we  are  enabled  to  get  this  splendid 
and  full  rounded  organization.  We  are  able  to  maintain  perma- 
nent headquarters.  We  are  able  to  get  a  broad  exchange  of  ideas, 
not  alone  from  New  England,  but  from  the  world,  and  these  mem- 
bers from  the  smaller  communities  may  join  the  New  England 
Water  Works  Association  and  thus  get  the  advantage  of  associa- 
tion with  experts  and  water-works  men  of  experience  and  men 
working  along  kindred  lines. 

We  want  the  water- works  men  from  the  state  of  Maine  to  join 
us.  We  want  their  knowledge  and  their  experience.  We  want 
to  keep  those  we  already  have,  and  after  this  successful  conven- 
tion here  in  Portland,  do  you  suppose  we  are  going  to  allow  a  di- 
vorce? No,  sir,  not  even  the  slightest  disagreement  or  separation. 
To-day  we  are  banded  and  bonded  together  stronger  than  we  ever 
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were  before,  and  we  intend  to  hold  tight  on  to  every  member  from 
Maine.  It  may  be,  as  time  goes  on,  we  should  have  a  chapter  or 
branch  here  in  Maine.  I  wish  to  good-naturedly  warn  every  one 
here  that  if  anybody  undertakes  to  separate  the  New  England 
Water  Works  Association  from  our  members  "  down  East,"  there 
will  be  a  real  old-fashioned  campaign  such  as  this  state  witnessed 
lately  and  which  ended  last  Monday.  Well,  I  am  not  going  to 
say  any  more  about  campaigns.  It  might  be  loaded.  It  is  dan- 
gerously near  politics,  and  we  are  not  in  politics. 

However,  ours  is  a  broad  line  of  usefulness,  and  we  are  going  to 
hold  on  to  our  veteran  member,  Mr.  Burnie,  and  others.  Do  you 
suppose  we  are  going  to  lose  Mr.  Graham  after  the  splendid  work 
he  has  done  for  us,  —  after  he  has  shown  us  what  Portland  is  and 
what  Portland  can  do, —  the  man  who  gi-eased  the  ways  for  the 
New  England  Water  Works  Association  to  sail  on  Casco  Bay? 

It  was  a  Portland  man  who  wrote: 

"  Thou,  too,  sail  on,  0  ship  of  state! 
Sail  on,  0  Union,  strong  and  great! 
Sail  on,  nor  fear  to  breast  the  sea! 
Our  hearts,  our  hopes,  are  all  with  thee. 
Our  hearts,  our  hopes,  our  prayers,  our  tears. 
Our  faith  triumphant  o'er  our  fears, 
Are  all  with  thee,  —  are  all  with  thee!  "   — the  state 

of  Maine. 

I  wish  to  say  again,  we  intend  to  retain  our  members  from  Maine 
and  get  new  ones.  I  sincerely  believe  it  is  of  mutual  advantage 
to  our  Association  and  the  water-works  interests  of  Maine  to 
remain  together. 

Mr.  Cleaves.  If  you  give  me  just  a  moment  of  explanation. 
I  surely  did  not  mean  to  be  understood  as  advocating  that  the 
water  men  of  the  state  of  Maine  should  form  a  separate  and  in- 
dependent association,  and  not  amalgamate  with  this  splendid 
union,  but  I  feel  perhaps  the  state  of  Maine  needs  what  some  of 
us  more  religious  ones  do.  We  want  to  go  to  church  on  Sunday 
for  the  bright  and  nice  religious  things,  but  occasionally  through 
the  week  we  need  to  go  to  prayer  meeting.  I  think  the  state  of 
Maine  needs  a  few  prayer  meetings. 

President   Sullivan.     That  is   right,   your  Honor,   but   our 
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Association  would  like  very  much  if  the  water-works  men  of  Maine 
would  take  their  religion  from  us. 

On  behalf  of  the  New  England  Water  Works  Association,  I 
sincerely  thank  Judge  Cleaves  for  his  presence  and  for  his  able 
address.  He  has  reminded  us  that  there  is  a  fertile  field  for  our 
Association  in  Maine,  and  that  we  must  carry  the  gospel  of  water- 
works unity  to  some  of  our  brethren  down  here.  We  must  tell 
them  about  our  excellent  Journal  which  publishes  our  transac- 
tions, papers,  and  addresses,  and  that  every  member  receives  the 
Journal  regularly;  that  in  the  small  communities  in  the  state  of 
Maine  where  the  water-works  managers  are  unable  to  get  to  out 
Boston  meetings,  or  even  where  they  are  unable  to  get  to  a  Port- 
land meeting,  if  they  should  join  with  us  they  would  get  our  litera- 
ture which  has  a  fund  of  useful  information  which  would  be 
invaluable  to  them.  I  would  most  respectfully  suggest  to  our 
honored  guest  that,  as  chairman  of  the  Public  Utilities  Commis- 
sion, he  might  do  us  a  favor  and  a  favor  to  the  water-works  fra- 
ternity of  Maine  by  gently  reminding  the  water  companies  that 
it  would  be  a  good  business  for  some  of  their  employees  or  mana- 
gers to  become  affiliated  with  the  New  England  Water  Works 
Association  and  thereby  keep  in  touch  with  the  water-works  world 
through  our  Journal,  which  is  a  veritable  storehouse  of  useful 
knowledge. 

We  have  another  important  thing  before  us  now,  and  that  is, 
"  Some  Problems  of  New  Hampshire  Water  Supply  Sanitation," 
by  C.  D.  Howard,  chemist.  State  Board  of  Health  of  New  Hamp- 
shire. I  call  upon  Mr.  Howard.  After  that  we  will  have  some 
more  business,  and  I  would  like  the  members  to  remain  until  we 
get  through. 

[Mr.  C.  D.  Howard  read  a  pajxM',  witli  the  title  as  above  stated.] 

President  Sullivan.  Jt  might  be  of  interest  to  some  of  our 
members  to  know  how  our  late  revered  associate,  Mr.  Walker,  of 
Manchester,  N.  H.,  overcame  some  of  the  unsanitary  surroundings 
on  his  watershed.  Conditions  were  bad  in  spots  on  Lake  Massa- 
besic.  He  endeavored  to  have  them  cleaned  up  by  suasion. 
Nothing  doing  by  the  owners  of  cottages  on  the  islands.  You 
know  what  a  strong  character  Mr.  Walker  was.  Well,  he  thought 
first  of  the  health  of  the  community,  and  as  the  owners  of  cottages 
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would  neither  "  fish  or  cut  bait,"  and  as  there  was  not  sufficient 
law  at  the  time  to  reach  and  correct  these  nuisances,  he  took  the 
law  into  his  own  hands  and,  for  the  welfare  of  the  community,  he 
applied  the  torch  to  camps  and  cottages  that  were  a  menace  to 
public  health  and  said :  "  Get  redress  from  the  city  of  Manchester." 
The  city  settled  and  settled  well.  It  was  a  good  job  well  done. 
That  is  the  way  an  unsanitary  exigency  was  met  and  overcome 
in  New  Hampshire. 

Mr.  C.  W.  Sherman.  The  Association  is  now  ready  to  attend 
to  its  formal  business,  and  I  would  like  to  submit  a  resolution  of 
appreciation  of  the  courtesies  which  have  been  tendered  to  this 
convention.  It  is,  of  course,  a  pleasure  to  express  the  sentiments 
of  the  convention  as  far  as  I  can,  after  the  generous  and  whole- 
hearted manner  in  which  we  have  been  entertained.  Neverthe- 
less I  cannot  help  wishing  that  some  more  eloquent  member  had 
been  selected  for  this  duty,  particularly  in  view  of  the  excellent 
character  of  the  convention,  and  of  the  arrangements  in  every 
particular.  I  doubt,  really,  if  we  have  a  man  in  the  Association 
who  is  ready  to  do  justice  to  the  theme.  If  you  will  pardon  me, 
I  will  make  a  few  preliminary  remarks  before  submitting  the 
formal  resolution.  In  the  first  place,  I  want  in  these  informal 
remarks  to  say  a  few  things  that  it  is  hardly  proper  to  include  in  a 
vote  of  thanks,  since  they  relate  to  our  own  members,  Mr.  Graham 
and  Mr.  Johnson  in  particular,  who  have  so  ably  handled  this 
convention.  I  have  had  a  little  experience  with  work  of  this 
kind,  and  I  know  what  it  means  to  do  it.  Probably  most  of  the 
members  can  do  a  little  guessing,  and  perhaps  if  they  doubled 
what  they  guessed  they  would  not  be  far  out  of  the  way.  It  is 
a  great  pleasure  to  me  to  testify,  from  my  knowledge  of  how  pre- 
vious conventions  have  been  run,  to  the  excellence  of  this  one. 
The  figures  of  attendance,  of  course,  speak  for  themselves.  The 
general  attendance  at  the  sessions  of  the  convention  speaks  for 
the  interest  of  the  members  in  the  sessions,  and  perhaps  in  par- 
ticular also  for  the  wisdom  of  selecting  a  place  where  there  are  not 
too  many  outside  diversions  or  distractions.  As  Mr.  Gear  re- 
marked this  morning,  it  is  a  satisfaction  to  demonstrate  that  it 
is  not  necessary  to  hold  conventions  in  Boston  and  New  York  in 
order  to  have  them  successful  and  well  attended.     As  far  as  I 
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know,  the  only  unfortunate  and  regrettable  event  in  our  conven- 
tion is  the  accident  to  one  of  the  automobiles  on  the  return  yester- 
day afternoon,  when  Mrs.  Blake  suffered  a  severe  injury.  Of 
course  I  speak  the  sentiment  of  the  entire  convention  when  I  say 
that  we  regret  that  extremely,  and  I  should  like  very  much  if  Mr. 
Graham  could  telephone  or  in  some  other  way  express  in  our  be- 
half to  Mr.  Blake  and  Mrs.  Blake  sympathy  with  them  for  the 
accident. 

The  resolution  as  I  have  written  it  out  is  as  follows: 

Resolved,  that  the  thanks  of  the  Association  are  hereby  ex- 
tended to  his  Honor  Mayor  Chapman  and  to  the  city  government 
of  Portland,  for  the  use  of  the  City  Hall  and  for  the  many  other 
courtesies  which  they  have  extended;  to  the  trustees  and  other 
officers  of  the  Portland  Water  District;  to  the  Portland  Chamber 
of  Commerce;  to  the  municipal  organist,  Mr.  Will  C.  Macfarlane; 
to  Judge  Cleaves;  to  Admiral  Robert  E.  Peary;  to  the  citizens 
of  Portland  who  have  loaned  automobiles  and  in  other  ways 
helped  to  make  the  convention  a  success;  to  Hiram  Ricker  & 
Son,  proprietors  of  Poland  Springs;  to  the  Portland  Stoneware 
Company  and  the  New  England  Cold  Storage  Company,  who  ex- 
tended to  the  convention  the  privilege  of  visiting  their  plant;  and 
to  the  other  friends  and  individuals  who  have  extended  so  many 
courtesies  to  the  Association. 

President  Sullivan.  Before  we  take  a  vote  on  these  resolu- 
tions, I  wish  to  ask  Mr.  Graham  if  he  will  kindly  convey  to  Mr. 
Blake,  president  of  the  Portland  Water  District  trustees,  our 
sincere  regrets  because  of  the  automobile  accident,  and  trust  that 
Mrs.  Blake  will  have  a  speedy  recovery  to  good  health. 

Mr.  Graham.     I  will  do  that,  Mr.  President. 

President  Sullivan.  You  have  heard  the  resolution.  We 
have  certainly  had  a  fine  convention  in  Portland,  and  the  Port- 
land people  have  lived  up  to  the  reputation  they  have  always  had 
in  the  past.     I  ask  all  in  favor  of  this  resolution  to  rise. 

The  resolution  was  passed  by  a  unanimous  vote. 

The  Secretary  read  the  application  of  Alfred  M.  (^haffee, 
Oxford,  Mass.,  for  membership,  which  had  been  properly  endorsed 
and  approved  by  the  Executive  Committee.  On  motion,  the 
Secretary  was  empowered  to  cast  the  ballot  of  the  Association 
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in  favor  of  the  candidate,  and,  he  having  done  so,  he  was  declared 
by  the  President  duly  elected  a  member  of  the  Association. 

The  President.  There  will  be  meetings  of  the  Executive 
Committee  and  of  the  convention  committee  just  as  soon  as  we 
can  get  together.  I  trust  all  the  members  will  go  to  Riverton 
Park  for  the  final  event  of  the  convention.  To-morrow,  of  course, 
some  will  go  to  the  mountains,  and  some  may  not  come  back  to 
Portland.  However,  I  wish  all  the  members  in  town  would  go  out 
to  Riverton  to-night  and  see  what  Mr.  Graham  and  our  friends 
in  Portland  have  done  for  us. 

Mr.  Graham.  I  would  like  to  say  a  word  in  connection  with 
the  Riverton  affair.  I  know  the  boys  will  be  very  much  disap- 
pointed unless  they  have  a  good  audience  to-night.  I  trust  every 
member  who  can  will  go  there.     The  boys  will  appreciate  it. 

President  Sullivan.  A  final  word  from  Mr.  Johnson  before 
we  ring  down  the  curtain. 

Mr.  Johnson.  Mr.  President,  I  don't  know  as  I  have  anything 
to  say.  I  have  one  great  big  feeling  of  gratitude  all  through  this 
convention,  to  think  how  smoothly  the  Portland  members  of 
the  committee  made  the  thing  run.  I  have  had  nothing  to  do  but 
sit  around  and  see  the  wheels  go  round.  The  Portland  people 
have  done  it  all  in  the  very  best  possible  way,  and  I  am  only 
proud  that  I  was  chairman  of  this  committee  during  this  conven- 
tion. 

The  convention  then  adjourned. 

Report   or   Committee    on   Exhibits,  Thirty-Fifth   Annual 

Convention. 

To  the  President,  Members,  and  Associates  of  the  New  England 
Water  Works  Association: 

As  chairman  of  the  Committee  on  Exhibits  for  the  Thirty-Fifth 
Annual  Convention,  I  was  fortunate  in  having  Messrs.  Harris, 
Thorne,  and  Newhall,  of  the  Portland  Water  District,  serve  with 
me,  and  during  the  progress  of  our  work  had  many  occasions  to 
congratulate  myself  on  this  choice. 

Our  first  duty  was  to  secure  a  satisfactory  room  for  the  exhibits, 
and,  as  the  convention  was  to  be  held   in  the   new  Municipal 
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Building,  we  at  once  selected  the  main  auditorium,  which  we  ob- 
tained the  use  of  without  charge  for  rent  or  light  through  the 
efforts  of  the  Portland  Water  District  and  the  kindness  of  Mayor 
Wilford  G.  Chapman.  Electricity  for  power  was  donated  by 
the  Cumberland  County  Electric  Company. 

Having  ample  room  at  our  disposal,  we  next  solicited  exhibits, 
and  our  effort  in  this  direction  was  so  successful  from  the  start 
that  we  felt  justified  in  making  somewhat  extensive  arrangements 
for  the  comfort  and  convenience  of  our  exhibitors  and  the  dele- 
gates who  would  visit  them. 

Our  time  for  building  and  decorating  the  exhibitors'  ])ooths  and 
getting  the  exhibits  in  place  was  very  limited,  but  everything  was 
ready  as  planned,  and  at  five  o'clock  Tuesday  afternoon  the 
exhibit  hall  was  opened  to  the  delegates. 

We  did  not  award  gold  medals,  but  the  officers,  committee, 
and  delegates  decided  unanimously  that  the  following  are  entitled 
to  honorable  mention: 

Addressograph  Company,  The  American  City,  American  Manganese 
Bronze  Company,  W.  L.  Blake  &  Company,  Harold  L.  Bond  Company, 
Builders  Iron  Foundry,  A.  M.  Byers  Company,  Carbic  Manufacturing  Com- 
pany, Central  Foundry  Company,  The  Chapman  Valve  Manufacturing 
Company,  Chicago  Pneumatic  Tool  Company,  Wm.  R.  Conard,  Cumber- 
land County  Electric  Company,  Joseph  Dixon  Crucible  Company,  Eddy 
Valve  Company,  Electro  Bleaching  Gas  Company,  Engineering  News,  En- 
gineering Record,  Engineering  and  Contracting,  Fire  and  Water  Engineering, 
Ford  Meter  Box  Company,  The  Garlock  Packing  Company,  C.  Godfrey, 
The  Goulds  Manufactiu-ing  Company,  The  Hartford  Contractors'  Supply 
Company,  Hays  Manufacturing  Company,  James  Hermeston  Manufacturing 
Company,  Hersey  Manufacturing  Company,  The  Leadite  Company,  Lead- 
Lined  Iron  Pipe  Company,  Ludlow  Valve  Manufacturing  Company,  MacBee 
Cement  Lined  Pipe  Company,  H.  Mueller  Manufacturing  Company,  Multi- 
plex Manufacturing  Company,  National  Meter  Company,  National  Tube 
Company,  National  Water  Main  Cleaning  Company,  Neptune  Meter  Com- 
pany, The  Pitometer  Company,  Pittsburg  Meter  Company,  Portland  Gas 
Light  Company,  Power  Equipment  Company,  Rensselaer  Valve  Company, 
Ross  Valve  Manufacturing  Company,  S.  E.  T.  Valve  and  Hydrant  Company, 
Simplex  Valve  and  Meter  Company,  The  A.  P.  Smith  Manufacturing  Com- 
pany, Smith  &  Abbott  Company,  Standard  Cast  Iron  Pipe  and  Foundry 
Company,  W.  P.  Taylor  Company,  Thomson  Meter  Company,  Union  Water 
Meter  Company,  United  Brass  Manufacturing  Company,  United  States 
Cast-Iron  Pipe  and  Foundry  Company,  Warren  Foundry  and   Machine  Com- 
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pany,  Wallace  &  Tiernan  Company,  Inc.,  Water  Works  Equipment  Company, 
R.  D.  Wood  &  Company,  Worthington  Pump  and  Machinery  Corporation, 
—  a  total  of  sixty  exhibitors. 

The  committee  spent  $780  in  carrying  on  their  work,  all  of 
which  has  been  collected  from  the  exhibitors,  and  there  are  no 
outstanding  bills  against  us.  In  addition  to  the  money  spent  by 
the  committee,  we  estimate  that  the  exhibitors'  total  expense  was 
about  $20  000,  for  representatives'  time,  fares,  expenses,  freight 
on  exhibits,  etc.;  this  does  not  include  the  value  of  exhibits, 
which  amounted  to  at  least  $50  000. 

We  call  your  attention  to  these  figures,  as  you  will  recall  that 
the  convention  program  covered  something  of  importance  from 
early  morning  until  late  in  the  evenmg,  on  each  of  the  three 
days  of  the  convention,  and  absolutely  no  time  was  set  aside  for 
inspection  of  exhibits.  The  delegates  were  anxious  to  inspect  the 
exhibits,  and,  as  the  exhibitors  had  the  best  men  on  their  sales 
forces  on  hand  to  meet  them,  we  feel  that  the  Association  should 
set  aside  at  least  a  day  or  two,  at  future  conventions,  for  this 
purpose,  if  the  exhibits  are  to  be  continued  as  a  part  of  the  con- 
vention. 

In  concluding,  I  wish  to  thank  the  exhibitors,  whose  combined 
efforts  resulted  in  one  of  the  largest  and  finest  displays  of  water- 
works goods  ever  made ;  my  associates  on  the  Exhibit  Committee, 
without  whose  valuable  assistance  my  task  would  have  been  im- 
possible; Mr.  Fred  M.  Prescott,  the  contractor  for  the  booths 
and  decorations,  who  did  more  for  us  than  his  contract  called  for; 
and  last  but  not  least,  the  employees  of  the  Portland  Water  Dis- 
trict, who  did  the  assembling  and  arranging  of  exhibits. 

Wm.  F.  Woodburn,  Chairman. 
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November  Meeting. 

Hotel  Brunswick,  Boston,  Mass., 
November  8,  1916. 
The  President,  Mr.  William  F.  Sullivan,  in  the  chair. 
The  following  members  and  guests  were  present: 


R.  C.  P.  CoggeshaJl. 


D.  L.  Agnew. 
S.  A.  Agnew. 
L.  M.  Bancroft. 

F.  A.  Barbour. 

G.  W.  Batchelder. 
A.  E.  Blackmer. 
J.  W.  Blackmer. 
James  Burnie. 
George  Cassell. 

J.  E.  Conley. 
J.  H.  Cook. 
John  CuJlen. 
L.  R.  Dunn. 
F.  L.  Fuller. 
Patrick  Gear. 
F.  J.  Gifford. 
H.  J.  Goodale. 
C.  R.  Gow. 
J.  W.  Braham. 
F.  M.  Griswold. 
R.  K.  Hale. 
A.  R.  Hathaway. 
Allen  Hazen. 


Honorary  Members. 
A.  S.  Glover. 
R.  J.  Thomas.  —  4. 

Members. 
D.  A.  Heffernan. 
C.  R.  Hildred. 
J.  L.  Howard. 
A.  C.  Howes. 
S.  A.  Holton. 
W.  F.  Hunt. 
W.  F.  Howland. 
W.  S^  Johnson. 
Willard  Kent. 
S.  E.  Killam. 
G.  A.  King. 
John  Knickerbacker. 
W.  J.  Lumber t. 
P.  J.  Lucey. 
H.  V.  MacLsey. 
A.  E.  Martin. 
W.  E.  Maybury. 
John  Mayo. 
F.  E.  Merrill. 
M.  L.  Miller. 
William  Naylor. 
C.  E.  Peirce. 
T.  A.  Peirce. 

Associates. 


F.  E.  HaU. 


H.  E.  Perry. 
H.  G.  PUlsbury. 
P.  R.  Sanders. 
C.  M.  SaviUe. 
A.  L.  Sawyer. 
J.  E.  Sheldon. 

C.  W.  Sherman. 
E.  C.  Sherman. 
Sidney  Smith 
G.  H.  Snell. 

G.  A.  Stowers. 
W.  F.  Sullivan. 
J.  L.  Tighe. 

E.  J.  Titcomb. 

D.  N.  Tower. 
W.  H.  Vaughn. 
R.  S.  Weston. 
H.  L.  Whitney. 

F.  B.  Wilkins. 

G.  E.  Winslow. 
M.  B.  Wright. 
L.  C.  Wright. 

C.  R.  Preston.  —  69. 


Harold  L.  Bond  Co.,  F.  M.  Bates, 

G.  S.  Hedge. 
Builders  Iron  Foundry,  F.  N.  Connet, 

A.  B.  Coulters. 
Darling  Pump  &  Mfg.  Co.  (Limited), 

H.  A.  Snyder. 
Chicago  Pneumatic  Tool  Co.,  T.  S. 

Eggleston,  Jr. 
Engineering  News,  N.  C.  Rock  wood. 


Hayes  Machinery  Co.,  F.  H.  Hayes. 
Hersey  Mfg.  Co.,  A.  S.  Glover,  J.  H. 

Smith. 
Garlock  Packing  Co.,  C.  D.  Allen. 
Lead   Lined   Iron   Pipe   Co.,   T.   E. 

Dwyer. 
Ludlow  Valve  Mfg.  Co.,  A.  R.  Taylor. 
MacBee  Cement  Lined  Pipe  Co.,  J.  D. 

MacBride. 
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H.  Mueller  Mfg.  Co.,  G.  A.  Caldwell.  Standard  Cast  Iron  Pipe  &  Foundry 
National  Meter  Co.,  J.  G.  Lufkin.  Co.,  W.  F.  Woodburn. 

Neptune  Meter  Co.,  H.  H.  Kinsey.  Thomson  Meter  Co.,  E.  M.  Shedd. 

Pittsburgh  Meter  Co.,  J.  W.  Turner.  Union  Water  Meter  Co.,  F.  E.  Hall. 

Rensselaer  Valve  Co.,  F.  S.   Bates,  R.  D.  Wood  &  Co.,  H.  M.  Simons. 

C.  L.  Brown.  Henry  R.  Worthington,  Samuel  Har- 
A.  P.  Smith  Mfg.  Co.,  F.  L.  Northrop.  rison,  E.  P.  Howard.  —  27. 

Guests. 
A.  H.  Howard,  New  York,  N.  Y.  P.  E.  Gear,  Boston,  Mass. 

F.  N.  Prescott,  Bo.ston,  Mass.  Mr.  Dennett,  Boston,  Mass.  —  5. 

H.  K.  Prescott,  Waterford,  N.  Y. 

The  Secretary  presented  applications,  properly  endorsed  and 
recommended  by  the  Executive  Committee,  from  the  following 
named  persons: 

For  Resident  Membership. 

Alexander  Bresth,  Boston,  Mass.,  assistant  engineer  State  Department 
of  Health  of  Ma.ssachusetts. 

Timothy  E.  Hopkins,  Danielson,  Conn.,  ..president  Crystal  Water  Co., 
Danielson,  Conn. 

W.  D.  Van  Brunt,  Southampton,  Long  Island,  N.  Y.,  president  of  South- 
ampton Water  Works. 

Hiram  Plattner,  North  Attleboro,  Mass.,  superintendent  and  engineer 
North  Attleboro  Water  Department. 

Morton  B.  W'-ight,  North  Chelmsford,  Mass.,  superintendent  North 
Chelmsford  Fire  District. 

For  Non-Resident  Membership. 

Charles  F.  Attersall,  Winchester,  Ky.,  superintendent  Water  Works. 
H.  F.  Dunham,  New  York  City,  civil  and  hydraulic  engineer. 
H.  E.  Wolbert,  Mt.  Vernon,  N.    Y.,    superintendent  New    York  Inter- 
Urban  Water  Co.,  Mt.  Vernon. 

On  motion  of  Mr.  Fuller,  the  Secretary  was  instructed  to  cast 
one  ballot  in  favor  of  the  admission  to  membership  of  the  gentle- 
men whose  names  had  been  read,  and,  the  Secretary  having  done 
so,  they  were  declared  elected  members  of  the  Association. 

Mr.  W.  S.  Johnson.  Mr.  President  and  Gentlemen,  —  Two 
months  ago  in  the  city  of  Portland  the  New  England  Water  Works 
Association  held  one  of  the  most  successful  conventions  in  its 
history.  Towards  the  success  of  the  convention  many  things 
contributed :  the  beautiful  city  and  its  surroundings,  the  wonder- 
ful weather,  the  splendid  work  of  our  members  from  Portland  and 
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vicinity,  and  especially  the  wonderfully  attractive  and  interesting 
exhibit  of  water-works  appliances  which  far  excelled  anything 
of  the  kind  which  has  ever  been  shown  in  this  country.  It  is 
upon  this  last  feature  of  the  convention  that  I  wish  to  say  a  few 
words. 

The  Convention  Connnittee,  to  whom  fell  the  task  of  appoint- 
ing an  Exhibit  Committee,  fully  realized  that  the  exhibit  of  water- 
works appliances  was  one  of  the  most  important  features  of  our 
conventions,  and  it  realized,  too,  that  without  a  great  amount  of 
intelligent  work  on  the  part  of  some  one  man,  the  exhibit  would 
be  a  failure.  We  naturally  turned  first  to  the  man  who  had  so 
successfully  engineered  many  previous  exhibits,  Mr.  William  F. 
Woodburn. 

Mr.  Woodburn  felt,  and  with  good  reason,  that  he  had  done  his 
share,  but  he  was  finally  prevailed  upon  to  try  once  more,  and 
with  his  customary  energy  he  started  hi  to  prepare  an  exhibit 
which  would  eclipse  all  others.  I  personally  know  something 
of  the  great  amount  of  work  he  put  in  during  the  sunnner,  having 
repeatedly  found  him  at  his  office  surrounded  by  diagrams  of 
space,  lists  of  possible  exhibitors,  and  correspondence.  Then  for 
a  week  previous  to  the  convention  he  was  at  Portland  with  his 
coat  off,  and  his  sleeves  rolled  up,  doing  three  men's  work.  A 
paper  of  tacks  is  wanted;  ask  Billy  Woodburn.  An  expressman 
comes  in  with  a  package;  see  Billy  Woodburn.  A  dispute  arises 
between  two  exhibitors  about  some  space;  Woodburn  is  the  man 
who  settles  it  all,  at  the  same  time  putting  salve  on  the  wounds 
so  that  both  men  go  away  feeling  that  they  have  been  used  just 
about  right.  And  all  the  time  he  i)rescrves  that  good-natured 
smile  on  his  face,  —  a  smile  that  is  worn,  not  a  mask,  but  which 
extends  well  inside  his  ample  frame. 

Mr.  Woodburn,  I  have  been  asked  by  the  exhibitors  at  the 
Portland  convention  to  say  a  few  words  to  you  for  them,  but  I 
want,  first,  to  take  the  opportunity  to  thank  you  on  behalf  of  the 
Convention  Committee,  realizing,  as  we  do,  the  efficient  work 
which  you  did,  and  how  nnich  your  work  contri])uted  to  the  success 
of  the  convention.  Now,  for  the  exhil)itors  at  the  convention  I 
take  great  pleasure  in  picsenting  you  this  Masonic  charni  and 
chain  as  a  token  of  thcii'  appreciation  of  your  indefatigable  energ}'', 
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your  self-sacrificing  helpfulness,  your  eminent  fairness,  and  your 
unfailing  good  nature.  And  for  the  rest  of  the  Association,  while 
our  expression  may  not  take  so  substantial  a  form,  I  want  to 
assure  you  that  you  have  the  thanks  of  all  members,  individually 
and  collectively,  and  their  best  wishes  for  your  continued  pros- 
perity. 

Mr.  Woodburn.  Mr.  President,  Mr.  Chairman,  and  my 
friends,  —  I  hardly  know  what  to  say.  I  felt  that  the  many  kind 
words  and  expressions  of  appreciation  that  I  heard  at  Portland 
on  the  outcome  of  our  preparation  for  the  exhibitors  was  more 
than  anj^  man  should  expect.  Every  one  seemed  to  be  pleased, 
and  that  was  all  I  wanted.  We  did  have  a  little  work  to  do 
getting  ready,  but  there  was  always  something  to  it  that  made  it 
very  pleasant.  Hearing  from  a  good  many  old  friends  in  the 
letters  they  wrote  in  reply  to  my  letters  and  my  circulars  brought 
me  in  contact  with  them  again  and  naturally  rekindled  the  spark 
of  old  friendship.  I  hardly  expected  to  be  rewarded  with  such 
a  beautiful  gift.  It  is  something  I  tiave  had  in  mind  presenting 
to  myself  for  some  time.  I  thank  you  all  and  regret  that  I  cannot 
express  my  thanks  in  such  felicitous  language  as  our  chairman 
has  used  in  presenting  this  to  me. 

The  President.  This  is  a  very  pleasing  echo  of  our  Portland 
convention,  to  the  success  of  which  Mr.  Woodburn  contributed 
so  largely. 

Mr.  F.  A.  Barbour,  C.E.,  of  Boston,  Mass.,  spoke  upon  "  Leak- 
age from  Pipe  Joints,"  which  was  the  subject  of  a  paper  presented 
by  him  at  the  Portland  convention.  The  paper  was  also  discussed 
by  Mr.  D.  A.  Heffernan  and  Mr.  Charles  W.  Sherman. 

Mr.  Allen  Hazen  presented  the  report  of  the  Committee  on 
Meter  Rates,  Water  Loss  by  Leakage,  Non-Registration  of  Meters 
or  Otherwise. 

On  motion  of  Charles  W.  Sherman,  it  was  voted  to  accept  the 
report  of  the  Committee  on  Meter  Rates  and  adopt  its  recom- 
mendations. 

Mr.  S.  A.  Agnew,  superintendent  of  the  Scituate  Water  Com- 
pany, Scituate,  Mass.,  gave  an  interesting  talk  on  "  San  Domingo," 
illustrated  by  stereopticon  views. 

Adjourned. 
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EXECUTIVE  COMMITTEE. 

Meeting  of  the  Executive  Committee  of  the  New  England  Water 
Works  Association  at  City  Hall,  Portland,  September  13,  1916. 

Present:  President  William  F.  Sullivan,  and  members  Caleb 
M.  Saville,  Samuel  E.  Killam,  D.  A.  Heffernan,  Robert  J.  Thomas, 
Lewis  M.  Bancroft,  George  A.  King,  and  Willard  Kent. 

Forty-one  applications  for  active  membership  and  ten  for  Asso- 
ciate membership  were  received  and  recommended  therefor,  viz.,  — 

Members. 

James  P.  Allardice,  civil  engineer,  Fall  River,  Mass. 

James  Aston,  metallurgical  engineer,  Pittsburgh,  Pa. 

Charles  S.  Beaudry,  Lexington,  Mass. 

Clarence  A.  Bingham,  general  manager  Water  Works,  Norwood,  Mass. 

H.  W.  Bishop,  treasurer  Boothbay  Harbor  Water  Works,  Boothbay  Harbor, 

Me. 
Perley  J.  Blake,  superintendent  Water  Department,  Pepperell,  Mass. 
Theodore  L.  Bristol,  president  and  manager  Water  Co.,  Ansonia,  Conn. 
A.  M.  Chaffee,  president  and  general  manager  Water  Co.,  Oxford,  Me. 
Jean  A.  Claman,  town  engineer,  Chicoutimi,  Quebec,  Canada. 
Thurston  C.  Culyer,  engineer  in    charge  Watershed    Division,  Department 

Water  Supply,  Gas  and  Electricity,  City  of  New  York,  Purdy's  Station 

(Westchester  County),  N.  Y. 
H.  L.  EUiott,  superintendent  Rumford  &  Mexico  Water  District,  Rumford,  Me. 
Maurice  E.  Fitzgerald,  superintendent  South  Hadley  Falls  Water  Works, 

South  Hadley,  Mass. 
Robert  Fletcher,  president  N.  H.  State  Board  of  Health,  Dartmouth  College, 

Hanover,  N.  H. 
Fred  C.  Gamwell,  treasurer  Palmer  Water  Co.,  Palmer,  Mass. 
Frederic  H.  Hapgood,  a.ssistant  engineer  to  J.  L.  Tighe,  consulting  engineer, 

Holyoke,  Mass. 
Herbert  L.  Hapgood,  superintendent  Water  Works,  Athol,  Mass. 
John  W.  Hartigan,  superintendent  Water  Works,  Longmeadow,  Ma.ss. 
George  A.  Hatfield,  superintendent  Water  Works,  Sidney,  Ohio. 
Seba  A.  Holton,  treasurer  Board  of  Water  Commissioners,  Falmouth,  Mass. 
Michael  H.  Harrington,  foreman  Lowell  Water  Department,  Lowell,  Mass. 
William  F.  Hunt,  foreman  Lowell  Water  Department,  Lowell,  Mass. 
Howard  C.  Kinney,  superintendent  Water  Works,  Waterloo,  N.  Y. 
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Francis  D.  H.  Lawlor,  superintendent  Citizens  Water  Co.,  Burlington,  la. 

William  J.  Lumbert,  superintendent  Public  Works,  Saugus,  Mass. 

George  E.  Mann,  foreman  Woodsville  Aqueduct  Co.,  Woodsville,  N.  H. 

William  E.  Merck,  superintendent  Water  Works,  Jackson,  Ga. 

James  Mullias,  superintendent  Water  Works,  Springvale,  Me. 

Patrick  T.  Mullin,  Cambridge  Water  Works,  Cambridge,  Mass. 

Charles  E.  McDonald,  superintendent  Water  Works,  Waterbury,  Conn. 

William  S.  Nolan,  civil  engineer.  East  Boston,  Mass. 

Charles  R.  Preston,  assistant  engineer.  City  Hall,  Lowell,  Mass. 

C.  S.  Rathbun,  assistant  secretary  Boise  Artesian  Hot  and  Cold  Water  Co., 

Boise,  Ida. 
Carl  G.  Richmond,  superintendent  PubUc  Works,  Revere,  Mass. 
Adolph  D.  Theriault,  general  foreman  Pennichuck  Water  Works,  Nashua, 

N.  H. 
Earle  Talbot,  treasurer  and  assistant  superintendent  Hackensack  Water  Co., 

Weehawken,  N.  J. 
P.  Von  Weymarn,  assistant  chief  engineer.  Reclamation  Department,  Pishpek, 

Russia  (in  Asia). 
Ezra  B.  Whitman,  consulting  engineer,  Baltimore,  Md. 
Henry  F.  P.  Wilkins,  manager  Water  Department,  Marblehead,  Mass. 
W.  H.  Wilhams,  superintendent  Public  Works,  Braddock,  Pa. 
Jesse  M.  Worthen,  M.D.,  superintendent  Charleston  Light  and  Water  Co., 

Charleston,  S.  C. 
John  Young,  inspector,  Sprinklered  Risk  Department,  Western  Canada  Fire 

Underwriters  Association,  Winnipeg,  Man. 


American  Manganese  Bronze  Co.,  Holmesburg,  Pa. 

William  L.  Blake,  J'ortland,  Me. 

Carbic  Mfg.  Co.,  New  York  City,  N.  Y. 

Chicago  Pneumatic  Tool  Co.,  Boston,  Mass. 

Ford  Meter  Box  Co.,  Wabash,  Ind. 

C.  Godfrey,  Atlantic  City,  N.     J. 

The  Hartford  Contractors'  Supply  Co.,  Hartford,  Conn. 

C.  M.  &  H.  T.  Plummer,  Portland,  Me. 

United  Brass  Mfg.  Co.,  Cleveland,  Ohio. 

Winslow  &  Company,  Portland,  Me. 

One  application  for  reinstatement  was  received,  and  it  was 
unanimously  voted  that  the  applicant  be  and  hereby  is  reinstated 
to  membership  on  his  compliance  with  the  requirements  of  the 
constitution. 

Mr.  Charles  W.  Sherman,  for  the  Committee  on  Dexter  Brackett 
Memorial,  presented  the  report  of  that  committee  with  accom- 
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panying  resolution,  which  is,  by  unanimous  vote,  recommended 
for  adoption  bj^  the  Association. 

Mr.  Caleb  M.  Saville,  of  the  Committee  on  a  National  Water 
Law,  reports  recommending  that  the  said  committee  be  author- 
ized and  empowered  to  confer,  participate,  and  join  with  com- 
mittees from  other  bodies  having  a  like  purpose  in  view,  and  it 
was,  by  unanimous  vote,  so  authorized. 

WiLLARD  Kent,  Secretary. 


Meeting  of  the  Executive  Committee  of  the  New  England 
Water  Works  Association  at  headquarters,  Tremont  Temple, 
Boston,  November  8,  1916,  at  eleven  o'clock  a.m. 

Present:  WiUiam  F.  Sullivan,  President;  Caleb  M.  Saville, 
Samuel  E.  Killam,  R.  C.  P.  Coggeshall,  F.  J.  Gilford,  Richard  K. 
Hale,  Lewis  M.  Bancroft,  George  A.  King,  and  Willard  Kent. 

Eight  applications  for  membership  were  received,  as  follows: 

Members. 

Alexander  Bresth,  assistant  engineer,  Massachusetts  State    Department  of 

Health,  Boston,  Mass. 
William  Plattner,  superintendent  and  engineer  Water  Department,  North 

Attleboro,  Mass. 
Morton  B.  Wright,  superintendent  North  Chelmsford  Fire  District,  North 

Chelmsford,  Mass. 
Timothy  E.  Hopkins,  president  Crystal  Water  Co.,  Danielson,  Conn. 
H.  E.  Wolbert,  superintendent  New  York  Inter-Urban  Water  Co.,  Mount 

Vernon,  N. Y. 
W.   D.  Van    Brunt,  president  Southampton  Water  Works,  Southampton, 

Long  Island,  N.  Y. 
H.  F.  Dunham,  civil  and  hydraulic  engineer,  New  York,  N.  Y. 
Chas.  F.  Attersall,  superintendent  Water  Works,  Winchester,  Ky. 

And  were  by  unanimous  vote  recommended  therefor. 

The  proposal  of  the  National  Tube  Company  to  exhibit  to  the 
Association  motion  pictures  of  the  manufacture  of  pipe  was,  after 
discussion,  laid  on  the  table  subject  to  investigation  by  the  Sec- 
retary. 

A  communication  from  Mr.  F.  H.  Newell,  chairman  of  Conunit- 
tee  on  Engineering  Cooperation,  with  reference  to  the  Third  Con- 
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ference  of  Engineering  Societies,  was    referred  to  Mr.  John  W. 
Alvord,  of  Chicago,  111. 

The  subject  of  increasing  the  amount  of  advertising  in  the 
Journal  of  the  Association  was  discussed,  and  it  was  suggested 
that  the  members  of  the  Executive  Committee  make  individual 
effort  to  accomplish  that  result. 

Mr.  S.  E.  Killam,  of  the  committee  on  furnishing  office  at  head- 
quarters, reports  progress,  and  it  was  unanimously  voted  that 
the  whole  question  of  furnishing  be  left  with  the  committee,  with 
full  power  to  act. 

Voted,  that  a  committee,  consisting  of  the  President,  the  Treas- 
urer, the  Advertising  Agent,  the  Editor,  and  three  additional 
members,  to  be  appointed  by  the  President  from  the  membership 
residing  near  Boston,  should  consider  the  question  of  finances  and 
report  at  the  next  meeting  of  the  Executive  Committee. 

Adjourned. 

Attest: 

WiLLARD  Kent,  Secretary. 
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